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Abstract 
Background: Tonsillectomy is among the most common operations performed on children in the UK. Yet little was 
known about the socio-demographic profile of children who undergo the operation and how the recent decline in 
tonsillectomy rates has influenced the rates of severe acute throat infections (ATI). Many children with mild ATI 
disease also undergo tonsillectomy despite a lack of evidence of its benefit in this group, particularly in the 
longer-term. The aims of this thesis were to characterise the socio-demographic profile of children who undergo 
tonsillectomy and investigate the clinical impact of the operation on ATI in primary and secondary care settings. 
 
Methods: The clinical spectrum of ATI in relation to tonsillectomy was investigated using a combination of 
retrospective time-trend analyses and a retrospective cohort study. I analysed routine data from the Hospital 
Episodes Statistics and Clinical Practice Research Datalink databases to investigate secondary care and primary 
care settings, respectively.  
 
Results: There was a 76% increase in ATI hospital admission rates among children between 1999/2000 and 
2009/10 from 107.3 to 188.4 admissions per 100,000 children, respectively. However, the majority of these 
children did not stay overnight and admission rates for peritonsillar abscess (PTA) remained stable. By contrast, 
tonsillectomy rates fluctuated over the first three years of the study period, but declined overall from 367 to 294 
per 100,000 children during the same study years. In general practice, tonsillectomy only modestly reduced the 
frequency of subsequent ATI consultations among children with low baseline ATI consultation rates.  
 
Conclusions: There does not appear to be a relationship between trends in tonsillectomy operations and 
admissions for ATI or PTA at a population level, which suggests that clinicians should continue to restrict the 
operation to children who are more severely affected by ATI disease. Additionally, tonsillectomy does not appear 
to have a clinically significant benefit in reducing ATI consultations among children with mild ATI disease in the 
longer-term, which further supports reserving the operation for children with severe ATI disease. 
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Chapter 1 Introduction  
Tonsillectomy remains among the most common elective operations in children and is primarily 
performed for recurrent acute throat infections (ATI).1 However, there is controversy about which 
children are likely to benefit from the operation and its clinical effectiveness, which is still under 
debate.2 This uncertainty creates challenges for clinicians' and families’ decision-making about an 
individual child due to undergo the operation. 
Chapter overview 
In this chapter, I provide an overview of the literature relating to tonsillectomy and throat infections. I 
start by describing the historical trends in tonsillectomy operations, followed by the clinical perspective 
in terms of the presentation and management of ATI and the clinical indications for performing 
tonsillectomy. I outline the current evidence surrounding the effectiveness of the operation, as well as 
the potential advantages and disadvantages of surgery, and the challenges that recurrent ATI and 
tonsillectomy pose for families and clinicians. In this chapter, I highlight, in bold font, the research gaps 
in the existing literature. Finally, I present a summary of the key gaps in current knowledge, which I 
identify through this literature review, which forms the basis of the rationale for this thesis. 
1.1 Historical trends in tonsillectomy operations 
Tonsil surgery has been performed for over 3000 years.3 During the 19th century, when anaesthesia 
became available, the surgical techniques became more refined and the frequency of operations 
performed increased.3 Prior to 1900, tonsillotomy was adopted, which did not remove the entire 
tonsillar tissue. However, during the turn of the 20th century, extracapsular tonsillectomy was 
introduced in order to avoid leaving tissue remnants – at this time, the ‘focal infection theory’ 
dominated clinical literature. Tonsillectomy involves the full surgical excision of the tonsils. This may be 
done alone or in conjunction with an excision of the adenoids (adenotonsillectomy). During the first half 
of the 20th century both tonsillotomy and tonsillectomy were performed, but by 1950 only total 
tonsillectomy was deemed appropriate, and the primary reason for surgery was still recurrent throat 
infections. Many countries still undertake tonsillotomy, in particular for those on the sleep-disordered 
breathing (SDB) spectrum, especially among small children. Total tonsillectomy is the preferred 
operation for recurrent throat infections in the UK. 
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Trends in tonsillectomy operations have fluctuated over the last century, but tonsillectomy has 
remained one of the most commonly performed operations in England over this period.4 In the early 
20th century, it became commonplace to surgically remove tonsils.5 There was a proliferation in 
tonsillectomy procedures performed, which alarmed the Chief Medical Officer (CMO) of the time, Sir 
George Newman, who highlighted this issue in his 1923 annual report; he cautioned against routinely 
and prematurely performing this operation.5 Similarly, a Medical Research Council (MRC) committee 
reported that the operation was being performed on a prophylactic basis with no particular reason or 
benefit.4 Yet, by the 1930s, as many as 200,000 people were having a tonsillectomy in the UK on an 
annual basis. At the time, many doctors believed that tonsillectomy was beneficial for a range of 
medical conditions such as scarlet fever, nephritis, otitis media infections, asthma and bronchitis.5 
However, the risk of post-operative death was estimated at 85 per annum due to complications such as 
haemorrhage. In the 1950s, there were still approximately 200,000 tonsillectomies performed each 
year.6 Tonsillectomy operations declined in 1960 when oral penicillin became available for children. 
Children with obstructive problems, on the SDB spectrum, were increasingly recognised from the 1970s, 
following the awareness of the problem in adults, and the proportion of tonsillectomies performed for 
this indication started to increase.7  
By the late 20th century, although tonsillectomy was less popular among medical professionals, it was 
still one of the most frequently performed operations in England with about 50,000 procedures per 
annum. About half of these operations were performed on children, although this represented a quarter 
of the number performed in the early 20th century.5 Among children aged <18 years, tonsillectomy 
operation frequency fell from 55,969 in 1994/5 to 33,656 in 2004/5.6 However, these absolute numbers 
represent numerator data and not rates, so do not take account of population denominators. A 
proposed reason for the reduction in operations performed is that “surgeons have used the data 
available to refine the indications for surgery so that the operation is now only offered to patients most 
likely to benefit”.6 Over the 20th century, the pathogenesis of Group A β-Haemolytic Streptococcus 
(GABHS) also decreased, which has, in turn, reduced the associated morbidity and mortality of infections 
caused by this organism.  
I will now describe respiratory tract infections, ATI in particular, and the current UK criteria for 
tonsillectomy. 
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1.2 Childhood respiratory illness  
Respiratory tract infection(s) (RTI) can be defined as any infectious disease of the upper or lower 
respiratory tract. Upper respiratory tract infection(s) (URTI) include the common cold, laryngitis, 
sinusitis, acute rhinitis, rhinosinusitis, pharyngitis, tonsillitis and otitis media. Lower respiratory tract 
infections (LRTI) constitute bronchitis, bronchiolitis, tracheitis and pneumonia. 
Childhood RTI result in more primary care consultations than any other acute condition.8 A birth cohort 
study found the mean cumulative number of RTI episodes was 21.9 (SD. 9.0) up to age 12 years.9 
Approximately 1 in 5 children with an RTI re-attends for the same illness episode; this has not changed 
significantly in 30 years.8  
1.3 Acute throat infection presentations 
Acute throat infection(s) (ATI), commonly referred to as ‘sore throats’ by patients and also clinicians, are 
URTI and are among the most common reasons that children attend general practice.2 The terms ‘sore 
throat’ and throat infection may be used interchangeably by clinicians and non-clinicians. However, a 
‘sore throat’ is a symptom which is reported by patients, whereas a throat infection is a diagnosis based 
on clinical symptoms and signs.   
In the UK, sore throat presentations cost the NHS an estimated £60 million in GP consultations alone.10 
ATI episodes may be recurrent, chronic or sporadic and include acute tonsillitis and pharyngitis. The 
majority of presentations for ATI occur in primary care. In 2000, the annual consultation rate for sore 
throat among children aged <16 years in 2000 ranged between 45 and 76 per 1000 registered patients.11 
The annual prevalence rates per 10,000 children in 2007 for acute tonsillitis were 214 (aged <1 year), 
693 (1-4 years) and 475 (5-14 years). The respective rates for acute pharyngitis were 117 (aged <1 year), 
202 (1-4 years) and 252 (5-14 years).12  
Peritonsillar abscess (PTA) is a rare suppurative complication of tonsillitis but it is the most common 
deep infection of the head and neck.13 14 It is an accumulation of pus between the palatine tonsil and 
pharyngeal muscles.15 PTA, which can follow single or recurrent episodes of tonsillitis, accounts for 3-5 
hospital admissions per 100,000 children in England.16 Clinical features include fever, dysphagia, pain, 
trismus, peritonsillar swelling and deviation of the uvula.  
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PTA most commonly occurs in November, December, April and May, which coincides with the highest 
incidence of streptococcal throat infections. Although PTA is a polymicrobial infection, GABHS is the 
predominant organism. A study of 126 children in Israel who were diagnosed with PTA between 2004 
and 2007 showed that the average age at diagnosis was 12.8 years, with 92 children (73%) over 10 years 
old.17 A US based study chart review of 83 children with PTA over a decade, between 1989 and 1999, 
similarly found that the mean age at diagnosis was 12.1 years (SD 4.0 years) and most children affected 
were aged over 10 years.18 A Taiwanese study of 56 children with PTA also found a mean age of 12.9 (± 
4.6 years), ranging from 9 months to 17.9 years, and 19 (34%) were less than 12 years of age.19 
1.3.1 Aetiological organisms responsible for ATI 
Viruses are the cause of most ATI and account for 50%-80% of ATI.2 Viruses include influenza and 
primary herpes simplex. Epstein-Barr Virus (EBV) is responsible for an additional 1%-10% of cases. Other 
viruses responsible for ATI include rhinovirus, adenovirus, coronavirus, influenza types A and B, 
parainfluenza, herpes simplex and respiratory syncytial virus.20  
GABHS is the most common bacterial cause of ATI.21 It can cause pharyngitis or tonsillitis and the 
infection usually occurs in temperate climates, usually in the winter and early spring.22 A systematic 
review showed that pooled prevalence of GABHS pharyngitis among children who presented with a sore 
throat was 37% (95% CI: 32-43%) among children aged <18 years and 24% (95% CI: 21-26%) among 
children aged <5 years.23 Streptococcal infection is most prevalent among children aged 5–15 years and 
is less frequent in patients on either side of this age range.21 22 One US chart review study of recurrent 
GABHS infection, which analysed 2140 GABHS-confirmed pharyngitis episodes between 1975 and 1996, 
observed that GABHS pharyngitis more commonly affects children aged <8 years than in adolescence 
and occurs more frequently following penicillin treatment than alternative antibiotics.24 Younger children 
(aged 1-8 years) had a higher recurrence frequency (21.3%) compared with adolescents (aged 13-19 
years) of 5% recurrence frequency (P=0.002). This study showed the mean age of children affected was 
7.7 years (median 7 years). There was no significant difference in recurrence rates observed between 
the sexes. However, this is only one retrospective chart review drawn from one setting (Rochester, New 
York) and over a long study period during which time the pathogenicity of the organism could have 
modified. Therefore, the findings are not necessarily contemporary or generalisable to other 
populations. 
Other responsible organisms include Group C streptococcus, Chlamydia pneumonia, Mycoplasma 
pneumonia, Haemophilus influenza type b, Candida, Neisseria meningitides, Coxsackie A virus, 
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Moraxella catarrhalis, Corynebacterium diphtheria and Neisseria gonorrhoea.25 These highlight a range 
of potential causative organisms for ATI, which are not all responsive to antibiotics typically prescribed 
for GABHS infection. 
1.3.2 Potential risk factors for ATI  
There are a number of factors that can interplay to increase the likelihood of ATI. Expert opinion in the 
Scottish Intercollegiate Guidelines Network (SIGN) 1999 guidelines suggested a number of potential risk 
factors that might increase the risk of (recurrent) ATI, including age, sex, level of deprivation, exposure 
to tobacco smoke, number of siblings and adults at home and degree of contact with peers, for 
example, in school and day-care settings.26 The SIGN 1999 guidelines state that these are “likely” risk 
factors and do not cite any primary evidence for these variables. However, there is some consistent 
primary evidence in the literature for the age group of children particularly affected (5-15 years), male 
sex and exposure to second-hand smoke. However, there is a lack of consistent evidence for a 
relationship between the level of social contact and the incidence of ATI, and other URTIs. 27 28 29  
A Norwegian study identified the following potential risk factors for tonsillo-pharyngitis, given with 
associated odds ratios (OR): home environment dampness, OR 1.4 (95% CI 1.1-1.6); atopy OR 1.4 (95% 
CI 1.1-1.7); African ethnicity OR 1.7 (95% CI 1.2-2.3); and, Asian ethnicity OR 1.6 (95% CI 1.2-2.0).30 
However, the study was cross-sectional in design, so it is difficult to establish causal relationships 
between the potential risk factors (exposures) and the outcome of tonsillo-pharyngitis. Another small 
Scandinavian questionnaire based study, which was a retrospective survey of Icelandic children aged 6 
months to 6 years with frequent URTI, identified the following potential risk factors: boys, aged ≤25 
months, family history of frequent URTI, asthma, history of allergy and day-care settings. 27 Although the 
response rate for the questionnaires was almost 82% (454/555 children) there are a number of 
limitations. For example, it is not clear if the questionnaire was validated and how this was done. There 
is no description of a sample size calculation in the methodology to show if the survey was sufficiently 
powered to identify potential risk factors. The study was in a localised setting of a small town 10 km 
from Reykjavik and therefore is not necessarily generalisable to other study populations. A study of 
more than 2,000 children found that non-breastfed children were more likely to undergo 
tonsillectomy.31 This was found to be an independent association, after adjustment for confounders 
including socio-economic status, and it was suggested that breast milk might offer protection against 
infection and result in more tolerant tonsillar tissue. However, other studies have shown no positive 
protection of breast milk, so there is inconsistency regarding the benefit of breastfeeding.  
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Thus predisposing factors include host factors, such as: underlying co-morbidities predisposing to 
infection; socio-economic background; environmental factors, including exposure to second-hand 
smoke; siblings and other children in day-care settings and the pathogenicity of the responsible 
organisms.  
1.3.3 Clinical presentation and diagnosis of ATI 
Acute tonsillitis and acute pharyngitis can present with various signs and symptoms including sore 
throat, fever (>380C), tonsillar exudates, enlarged cervical lymph nodes, headache, nausea, vomiting, 
abdominal pain, myalgia, scarlatiniform rash and palatal petechiae. Acute pharyngitis can be defined as 
an infection of the pharynx and/or tonsils.32 Acute tonsillitis is an acute infection of the parenchyma of 
the palatine tonsils. Tonsillitis may occur in isolation or as part of more generalised pharyngitis. The 
distinction between pharyngitis and tonsillitis is difficult. In the UK, the diagnosis of an ATI is generally 
based on clinical findings. However, as the SIGN guidance on the management of sore throat highlights, 
it can be difficult to distinguish between an ATI of viral or bacterial origin. The clinical distinction 
between tonsillitis and pharyngitis is also unclear in the literature, and the condition is referred to 
as 'acute sore throat' within the SIGN guidelines and Cochrane review because of the difficulty in 
differentiating between these conditions. 2 33 34 
Many studies have attempted to differentiate between ATI caused by GABHS and non-GABHS 
organisms, based on an individual symptom and combinations of symptoms and signs using clinical 
prediction rules to help guide antibiotic therapy. For example, the Centor criteria for GABHS are 
nationally recommended. 2 26 35 The Centor criteria include: tonsillar exudate; tender anterior cervical 
lymph nodes; absence of cough; and, a history of fever. However, this screening tool has not been fully 
validated among children.36 37  
A systematic review, published in 2011, with a meta-analysis of the accuracy and precision of individual 
symptoms and signs of streptococcal pharyngitis and prediction rules in children examined fifteen 
studies of five different prediction rules.38 None of these five prediction rules had a probability of 
predicting GABHS >85% that could be used to effectively aid a diagnosis of streptococcal pharyngitis. 
Similarly, individual findings were not deemed useful to either suggest or discount streptococcal 
pharyngitis and no individual finding allowed for a confident diagnosis. The review identified five 
findings which increase the likelihood of streptococcal pharyngitis to >50% and thus are helpful, albeit 
not diagnostic. These individual features included: scarlatiniform rash (LR: 3.91; CI, 2.00-7.62); palatal 
petechiae (LR: 2.69; CI, 1.92-3.77); pharyngeal exudate (LR: 1.85; CI, 1.58-2.16); vomiting (LR:1.79; CI, 
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1.58-2.16); and, tender cervical nodes (LR: 1.72; CI, 1.54-1.93).38 More recently, the PRISM (primary care 
streptococcal management) study presented the FeverPAIN score, which can help target antibiotic use. 
It is a five item score, based on Fever, Purulence, Attends healthcare setting rapidly (≤3 days), severe 
inflammation and No cough or coryza (acronym FeverPAIN).39 Ideally, this clinical prediction score 
should be validated by independent researchers before it is widely adopted and implemented. 
A case-control study of children aged 3-11 years found that parents were able to recognise different 
patterns of throat infections and differentiate tonsillitis from other infections.40 The authors highlight 
that this is in sharp contrast to the disagreement among medical practitioners surrounding the diagnosis 
of tonsillitis. 41 42 This case control study was based in Somerset and compared cases who were parents 
of children drawn from one hospital’s routine waiting list for tonsillectomy for recurrent tonsillitis with 
controls who were parents randomly selected from the patient list of a general practice in Somerset. 
The opinions of parents in both groups were compared in relation to what they perceived tonsillitis to 
be versus other sore throat presentations, by examining the symptom presentations. The response rates 
for completion of questionnaires were 79% for cases (631/800) and 82% (142/174, 82%) for controls. 
However, this is only one study in one specific geographical area and so cannot necessarily be 
generalised to other parent populations. Furthermore, as the SIGN guidelines highlight, it is very difficult 
to distinguish between different types of ATI, so the study may have shown that parents can 
differentiate the severity of infection, as opposed to the type of ATI. 
1.3.4 Investigation and management of ATI 
ATI represent a spectrum of illnesses but most cases of ATI are self-limiting and can be managed at 
home without any treatment (Figure 1).43 Although it is difficult to differentiate between viral and 
bacterial ATI, ascertaining the likely aetiology can help towards decision-making on whether or not to 
prescribe antibiotics. Although there is a clinical spectrum of ATI severity ranging from mild to severe, 
there is also a non-clinical spectrum of severity representing health-seeking behaviour (HSB). HSB 
reflects the threshold that an individual family has for presenting at a healthcare setting, irrespective of 
the child’s clinical need.  
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Figure 1: The clinical spectrum of illness for throat infections in children 
Mild Severe 
 
Investigation of ATI in primary care is not usually necessary. Throat swabs taken for microbiological 
culture confirmation of GABHS infection are considered important in the US, Canada and Finland to 
guide current and future management.44 However, as throat swabs are costly, time consuming and can 
have the disadvantage of medicalising a self-limiting condition, their routine use is not advocated in the 
UK.2 10 Similarly, more sophisticated investigations, such as rapid antigen diagnostic testing (RADT) 
assays, are adopted in some countries, including the US, France and Finland to guide treatment.44 The 
sensitivity and specificity of RADTs have traditionally been low, but they are improving. Furthermore, as 
the ‘primary care streptococcal management’ (PRISM) study showed, there was no clear benefit in using 
RADTs in addition to a clinical scoring system and RADTs are not used in the UK.39 Other countries which 
do not recommend throat cultures or RADT assays include Belgium and Holland.44  
Although not routinely recommended, other investigations, which may be relevant in some individual 
cases, include a full blood count, serum monospot for EBV and blood cultures. Antistreptolysin O (ASO) 
titres can help to exclude recent streptococcal infections in children who are systemically unwell or have 
prolonged symptoms.  
1.3.5 Medical management of ATI  
The primary objective of antibiotic therapy for GABHS throat infections is to prevent suppurative 
complications, such as PTA, and non-suppurative complications, such as acute rheumatic fever.45  
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The antibiotics which are most commonly prescribed for ATI in Europe are phenoxymethylpenicillin, 
cephalosporins and macrolides, such as erythromycin and clarithromycin.46 47 48 A Cochrane systematic 
review reported that 3-6 days of oral antibiotics was as effective as the standard duration of 10 days of 
penicillin among children with GABHS pharyngitis.49 This Cochrane review included twenty studies with 
13,102 cases of acute GABHS pharyngitis and compared the effect of 2-6 days of oral antibiotics (short 
duration) in treating children with streptococcal throat infection with 10 days of oral penicillin (standard 
duration). However, the review had a number of limitations. The primary studies evaluated different 
antibiotics for variable short durations (up to 6 days), which makes it difficult to directly compare the 
results. Another weakness is that only three of the twenty studies followed up participants for a 
sufficient duration to study the prevalence of GABHS pharyngitis complications. These three studies had 
8135 participants in total but the sample size was too underpowered to infer any conclusions on the 
difference in complication rates. 
RTI account for 60% of all antibiotic prescriptions in general practice and cause considerable cost to the 
NHS. Inappropriate and unnecessary antibiotic prescribing can contribute to a cycle of re-consultation 
and the expectation of future antibiotic prescribing, which can further compound antibiotic resistance 
levels and increase the financial burden on the NHS.50 One study showed that 40% of individuals that 
were not prescribed antibiotics re-visited their GP during the following 6 months compared with 60% 
among those who were prescribed antibiotics.10 The National Institute for Health and Care Excellence 
(NICE) guidelines suggested, in 2008, that the efficacy of antibiotics is limited in treating a large 
proportion of RTI in children and adults. 30 35 51  
A ‘no antibiotic or a delayed antibiotic’ prescribing strategy for ATI and other uncomplicated RTIs has 
been advocated since the late 1990s.52 53 NICE recommend such prescribing for uncomplicated ATI.35 
Complications of ATI are rare with a ‘no or delayed antibiotic’ prescribing strategy and, unless patients 
are seriously ill, GPs should explore the family’s concerns, outline the natural history and avoid or delay 
antibiotic prescribing.35 52 This prescribing strategy has been shown to significantly reduce the 
consumption of antibiotics along with the belief that they are effective.35 Furthermore, there were no 
significant differences relating to symptom management compared with immediate antibiotic 
prescribing. A delayed prescription may be administered in different ways; patients may be advised to 
collect the prescription from the medical centre’s reception if symptoms persist or deteriorate; or a 
prescription might be issued during the consultation itself with advice to only use if symptoms worsen. A 
delayed prescription offers a ‘safety net’ for the small number of patients whose symptoms deteriorate 
or who develop complications. Families who expect an antibiotic prescription are more likely to be 
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appeased by this strategy than by a GP simply not providing a prescription. This can help to contribute 
to a positive doctor-patient relationship, and the approach has been very successful.35 Notably, a 
recently published European cross-sectional survey of 625 parents who consulted regarding their young 
child’s feverish illness, found that 54% felt that a physical examination was the most important reason 
for visiting a GP and that a prescription for antibiotics or antipyretics was the least important. Although 
this is only one study, it does suggest that parental attitudes towards antibiotic prescribing may be 
changing.54  
NICE recommends an immediate antibiotic prescription or a delayed antibiotic may be considered for 
adults and children if three or more of the Centor criteria are present for ATI, despite the Centor criteria 
not being validated on a child population.35 Immediate antibiotics or further investigation and/or 
management are recommended if:35 
 The child is systemically or seriously unwell;  
 The child has symptoms and/or signs suggestive of serious illness and/or complications, such as 
PTA abscess; or, 
 Any of the following co-morbidities exist ‘significant heart, lung, renal, liver or neuromuscular 
disease, immunosuppression, cystic fibrosis, and young children who were born prematurely’.35 
 
 A UK study using IMS primary care data showed that antibiotic prescribing for ‘acute sore throat’ 
defined as tonsillitis, pharyngitis and nasopharyngitis declined by 49%, from 82 prescriptions/1000 child-
years in 1996 to 42 prescriptions/1000 child-years in 2006, P <0.001.55 Most ATI resolve in 1 week and 
are primarily viral in aetiology, yet Petersen et al. found that 75% of children aged 5-15 years who 
consulted with an ATI in UK general practice were prescribed antibiotics, which reflects the study period 
I investigated in this thesis.56 A prospective observational study of 90 consecutive patients in a university 
teaching hospital found that only 56% (n=45) of the 80 general practitioners' surgeries followed any 
guidelines for the treatment of ATI. A qualitative study involving GPs found that although most GPs are 
confident in prescribing for ATI, they are uncertain who will benefit from an antibiotic. 57 Interestingly, 
Dunn et al. (2007) reported that many patients who develop PTA do not present with an ATI to their GP 
prior to the onset anyway.58   
The updated Cochrane systematic review, which included 27 trials with 12,385 cases of ATI, reported on 
a number of clinical outcomes including symptoms, non-suppurative complications, suppurative 
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complications, as well as a subgroup analysis of symptom reduction.33 However, studies of adults and 
children are included in these studies and there is no delineation or differentiation in the effect size for 
each of the clinical outcomes by age group in children. The review pointed out that few studies included 
children (aged <13 years). Antibiotics reduced sore throat symptoms at day three with a relative risk 
(RR) of 0.68, 95% CI 0.59-0.71. Symptoms of sore throat at one week (days 6 to 8) had a RR of 0.49 (95% 
CI 0.32-0.76), although the review highlighted that 82% of controls were better by this point. Symptoms 
of fever at day three were reduced by antibiotics (RR 0.71, 95% CI 0.45-1.10). The number of patients 
needed to treat to benefit (NNTB) to prevent one sore throat at day three was less than six, and at seven 
days it was 21. In high income countries, the NNTB is high and the absolute benefit in reducing 
symptoms and complications is modest.33 
That Cochrane review also showed that antibiotics reduced the incidence of otitis media compared with 
the placebo groups to about one third, and that of acute sinusitis to about half.33 The review also 
showed the substantial protective effect of antibiotics compared with placebo in preventing PTA (OR 
0.16; 95% CI 0.07 to 0.35).33 However, since about 4,000 individuals with ATI need to be treated to 
prevent one case of PTA, routine antibiotics for ATI are not warranted.35 56 59 Antibiotics are not 
advocated to prevent suppurative complications (e.g. PTA) or non-suppurative complications (e.g. acute 
rheumatic fever), as the number needed to treat to prevent one complication is very high.33  
There is a high rate of unnecessary antibiotic prescribing in primary care in Europe and the US.60 The 
associated costs and growing global antibiotic resistance means that reducing inappropriate antibiotic 
prescriptions is a public health priority. Aside from the Cochrane review, the NICE and SIGN guidelines 
for the management of ATI, there are also a number of other guidelines. These include the NHS Clinical 
Knowledge Summaries, MeReC guidelines, Health Protection Agency (HPA) antibiotic guidelines and 
local Ear, Nose and Throat (ENT) guidelines. 61 62  
The majority of children with sore throat symptoms will only require simple analgesia for symptomatic 
treatment.63 A review of treatments other than antibiotics, including paracetamol and non-steroidal 
anti-inflammatory drugs, found that some treatments offered as much as a 93% benefit compared with 
placebo; although, as the authors of the review highlight, this may be partly attributable to publication 
bias.43  
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1.3.6 Antibiotic prescribing trends among children presenting to primary care 
Schneider-Lindner et al.’s UK primary care based cohort study used CPRD data and included 1,751,645 
children aged 0 to 19 years. The authors reported antibiotic prescribing trends between 1st January 1993 
and 31st December 2007.64 They found that antibiotic prescriptions in primary care declined from the 
mid-1990s to 2000 and have been steadily increasing since then, across all antibiotic classes, for boys 
and girls, across all ages.64 The overall trends in antibiotic prescribing have been largely driven by broad-
spectrum penicillins, which were the most commonly prescribed class of antibiotic throughout the study 
period. Broad-spectrum penicillin prescriptions increased from 231 to 308 prescriptions per 1,000 
person years between 2000 and 2007 and that of benzylpenicillin and phenoxymethylpenicillin from 55 
to 76 per 1,000 person years, during the same time frame. The antibiotic trends reported by Schneider-
Lindner et al. are consistent with those highlighted in Thompson et al.’s study, which similarly found 
antibiotic trends declined from the mid-1990s and then increased from the early 2000s.55  
Antibiotic prescribing rates in the UK fell during the late 1990s, but prescribing rates are currently still 
higher than other northern European countries. International comparisons highlight that antibiotic 
resistance rates are strongly correlated with antibiotic prescribing rates in primary care.35 65 The House 
of Lords report on Antimicrobial Resistance and the Standing Medical Advisory Committee (SMAC) 
advised that ATI should not be treated with antibiotics unless there is strong evidence that they are 
caused by GABHS. These reports recommended that prescribing habits should be improved and that 
there should be increased surveillance and infection control. This led to the proliferation of local and 
national guidelines to help GPs identify and treat patients with likely GABHS infection.2 35  
Optimising treatment in the management of childhood infections is an essential step towards improving 
child health. Prudent antibiotic prescribing can help reduce levels of antibiotic resistance and adverse 
drug reactions. In 2001, the World Health Organization (WHO) announced that improving anti-microbial 
prescribing is key towards tackling anti-microbial resistance, suggesting a multi-disciplinary and co-
ordinated strategy. WHO highlighted the need to develop and use guidelines and algorithms to establish 
and adopt the appropriate use of antimicrobials.66 67 Antibiotic prescribing needs to be addressed across 
the entire UK population and in all healthcare settings. For children, this is predominantly in general 
practice, where 90% of NHS contact with young children occurs. Acute RTI are the most common reason 
for children to seek medical help and for antibiotics to be prescribed.59 As there are relatively few new 
antibiotics being developed, inappropriate use of existing antibiotics for self-limiting conditions 
aggravates the problem of antibiotic resistance and will eventually result in serious infections becoming 
untreatable. Therefore, it is paramount to encourage the judicious use of anti-microbials. As antibiotic 
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resistance levels are increasing in the UK and worldwide, UK prescribers need to be able to distinguish 
between when and when not to prescribe antibiotics, in accordance with WHO recommendations and 
the Department of Health and, specifically in the case of ATI, to target those who are most likely to have 
a GABHS infection.66 68 The Antimicrobial Stewardship in Primary Care (ASPIC) collaboration was 
established in 2009 with a remit to reduce antibiotic prescribing. This involved collaboration between a 
number of professionals including GPs, pharmacists, microbiologists, clinicians, guideline developers and 
other relevant stakeholders. The Treat Antibiotics Responsibly, Guidance, Education, Tools (TARGET) 
antibiotic toolkit was developed to encourage more targeted prescribing of antibiotics for common 
infections seen in general practice, including ATI.69 The TARGET audit toolkit for the management of 
throat infections was developed by the Royal College of General Practitioners (RCGP), Public Health 
England (PHE) and the other ASPIC collaborators.  
1.3.7 Referral to hospital for severe ATI 
Children with ATI and associated progressive dysphagia or dehydration, stridor or systemic symptoms 
require immediate hospital admission. In the UK, children diagnosed with PTA require urgent referral to 
an ENT specialist for further management. Surgical intervention may be required, such as incision and 
drainage, and, if untreated, it can potentially lead to septicaemia or death.  
1.4 Recurrent and chronic throat infections - criteria for referral for tonsillectomy 
There are a number of different definitions of recurrent ATI.2 Chronic throat infections are those that 
last for three months or more.70 
The most commonly used definition for recurrent ATI adopts the strict Paradise criteria, which was 
developed in 1984 to study the effect of tonsillectomy on children with ‘severe’ recurrent tonsillitis:71 
 seven or more sore throat episodes during the preceding year, or 
 five or more sore throat episodes per year during the preceding two years, or  
 three or more episodes each year during the preceding three years.  
In 2011, the American Academy of Otolaryngology and Head and Neck Surgery (AAO-HNS) adopted the 
Paradise criteria.72 Previously, from 2000 to 2011, the AAO-HNS had advocated less stringent criteria 
with ≥3 attacks of sore throat per year despite adequate medical therapy.73 A Cochrane protocol in 2010 
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defined recurrent ATI as “three or more self-reported episodes of sore throat a year”.74 This is 
considerably less rigid and is likely to capture the milder end of the recurrent throat infection spectrum.  
Tonsillectomy can prevent recurrent ATI attributable to tonsillitis, but only if the cause is specifically 
related to the tonsils. Therefore, before considering elective tonsillectomy, the history and examination 
findings must be carefully considered and the diagnosis should be differentiated from others, such as 
generalised pharyngitis, which is unlikely to benefit from tonsillectomy.2 26 
The widely accepted referral criteria for tonsillectomy performed for recurrent ATI in the UK are taken 
from the SIGN guidelines, which were first published in 1999 and subsequently updated in 2010 (Table 
1). 
The commissioning guide for tonsillectomy produced by ENTUK, the national organisation of Ear, Nose 
and Throat surgeons in the UK, highlights the importance of taking a careful history and examining a 
patient with sore throat symptoms and documenting the diagnosis of significant sore throat or 
tonsillitis, alongside assessing and documenting the impact on their quality of life.75  
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Table 1: The SIGN criteria for tonsillectomy for recurrent throat infections: 1999 and 2010 
SIGN 199926 SIGN 20102 
 Acute throat infections should be 
due to acute tonsillitis 
 Acute throat infections should be 
due to acute tonsillitis 
 The episodes of sore throat are 
disabling and prevent normal 
functioning 
 The episodes of sore throat are 
disabling and prevent normal 
functioning 
 Five or more sore throat episodes 
in the preceding year 
 Seven or more well documented, 
clinically significant, adequately 
treated sore throats in the 
preceding year or, 
 Five or more such episodes in each 
of the preceding two years or, 
 Three or more such episodes in 
each of the preceding three years 
The frequency of ATI reported in SIGN 2010 guidelines reflects the Paradise criteria.71 However, SIGN 
suggests that these Paradise frequency criteria were set somewhat “arbitrarily” without taking account 
of whether the ATI were improving or worsening.2 26 70 Further limitations of these criteria are that self-
reporting can be unreliable and it can be difficult for a GP to record all ATI, as families do not necessarily 
present for each episode.2 Additionally, it can be difficult to determine if the episode is due to tonsillitis 
or another cause. Tonsillectomy is a controversial operation and referral indications are subjective. 
Furthermore, opinions between general practitioners, ENT specialists and parents can vary greatly.2 ENT 
surgeons have acknowledged and variably adopted the SIGN guidelines, but it is unknown whether 
GPs have similarly done so.76  
1.5 Indications for tonsillectomy 
Recurrent ATI is the most frequent indication for tonsillectomy and the second most frequent reason is 
the sleep-disordered breathing (SDB) spectrum.6 77 Other indications for tonsillectomy may include 
chronic tonsillitis, PTA or malignant disease of the tonsils.78  
The SDB spectrum ranges from mild symptoms (e.g. isolated snoring) to more severe symptoms (e.g 
apnoea). Obstructive sleep apnoea syndrome (OSAS), which is a term used interchangeably with SDB, 
represents obstruction of the upper airway during sleep, which may result in the production of noise 
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(snoring), cessation (apnoea) or a reduction in airflow at the nostrils and mouth. OSAS in children can be 
defined as a cessation of airflow at the nose and mouth, which is associated with out-of-phase 
movements of the ribcage and abdomen, and hypopnoea as a 50% or greater decrease in the amplitude 
of nasal/oral airflow is often accompanied by arousal or hypoxaemia.79 80 Early studies focused only on 
obstructive sleep apnoea (OSA); however, OSA is at the extreme end of the spectrum of SDB problems.  
SDB shows two peaks of prevalence at 0-4 years and 55-59 years.81 Tonsillectomy performed for SDB has 
been increasing in the US and European countries, particularly among younger children.82 83 The main 
contributors to SDB in the younger age group are obesity and adenotonsillar hypertrophy.84 85 An 
African-American origin may be a risk factor for SDB, although there are mixed findings surrounding 
ethnicity.86 87 One study suggested that body mass index may interact with ethnicity to a point, after 
which the impact of morbid obesity on pulmonary function supersedes that related to ethnicity.88 A 
review which examined 15 studies of paediatric SDB suggested that male sex is also an independent risk 
factor.86 Additional risk factors include underlying medical conditions such as congenital abnormalities 
which affect craniofacial or thoracic growth, such as achondroplasia and Down’s syndrome. Children 
with neuromuscular disorders also have an increased risk, as well as those with cardio-thoracic 
abnormalities or restrictive lung diseases.89 90 
The distribution of indication by age group in 2003/4 published in the Royal College of Surgeons’ (RCS) 
national prospective audit of England and Northern Ireland showed 82% of tonsillectomies among 
15,491 children aged 5-15 years were performed for recurrent acute tonsillitis. Pharyngeal obstruction 
(SDB) accounted for 33% of tonsillectomies among 5,003 children aged <5 years who underwent 
tonsillectomy in that year.78  
Donnelly et al. conducted a survey among 400 GPs and 31 ENT consultants in the Dublin area to elicit 
their opinions on the indications for paediatric tonsillectomy.91 There were 258 replies from 400 GPs 
approached, with 237 responses (59%) suitable for analysis and 23 replies (74% of those approached) 
from consultants. The results showed a good level of agreement between GPs and consultants in many 
of the non-specific questions surrounding referral for tonsillectomy. The size of tonsils was considered 
an unimportant indication for tonsillectomy among the majority of GPs (60%) and consultants (54%), 
although a fifth of GPs (19%) and nearly a quarter of consultants (23%) felt that tonsillar size was an 
important indication for tonsillectomy. Interestingly, 45% of GPs believed that parental pressure was 
unimportant in their decision to refer, but 33% did feel some pressure to refer based on this factor. 
Consultants were less influenced by parents; 64% felt parental concern was of little or no importance, 
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while 18% felt it was important. It is not clear from the manuscript when these questionnaires were 
distributed or analysed. Furthermore, there are no tests of statistical significance within the study to 
compare the proportions between the GP and consultant responses.  
A more recent web-based survey by Manickavasagam and Quraishi (2012) among GPs and ENT 
Consultants in South Yorkshire, analysed data from 141 GPs and 146 ENT consultants.92 Again, there was 
a good level of agreement between GPs and consultants for many of the non-specific questions relating 
to referral for tonsillectomy. Size of tonsils was considered unimportant by most GPs (53%) and 
consultants (58%), although 31% of GPs and 18% of consultants did feel that it was an important factor. 
Additionally, 27% of GPs and 25% of consultants felt parental pressure was an important indication in 
their decision-making. The time period of distribution and analysis of these questionnaires is not evident 
from the methodology and there are no tests of statistical significance. 
Notably, comparing Manickavasagam and Quraishi’s published findings in 2012 with those of Donnelly 
et al. in 1994, the percentage of GPs who believed that tonsillectomy was beneficial fell by 27 
percentage points, to 65%. However, most ENT consultants (98%) still stated it was a useful operation. A 
common limitation to both of these surveys is that the questionnaires were localised to specific 
geographical locations and therefore not nationally representative of GPs’ and ENT consultants’ 
opinions. 
A study of indications for tonsillectomy among GPs and ENT surgeons in the Netherlands for 349 
children undergoing the operation in 1997 revealed that, apart from the generally acceptable 
indications of SDB (ENT 11%, GP 4%) and recurrent tonsillitis (ENT 40%, GP 35%), a number of other 
indications were deemed important.93 These indications included enlarged tonsil (ENT 42%, GP 24%), 
tonsillar crypt debris (ENT 29%, GP 17%) and non-specific symptoms such as listlessness (ENT 28%, GP 
19%) and poor appetite (ENT 28%, GP 16%). Children were also referred for recurrent URTI (ENT 22%, 
GP 25%). Aside from SDB and recurrent tonsillitis, none of these indications are currently considered 
appropriate in the UK.6  
Risk factors for tonsillectomy 
In addition to the risk factors for ATI mentioned earlier, there are a number of other potential variables 
which may influence the likelihood of undergoing tonsillectomy. One study proposed that parental 
enthusiasm was an important factor and that mothers were more likely to opt for surgery if a sibling or 
parent had previously undergone the operation.94 School attainment and absenteeism from school are 
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potential factors influencing the preference for surgery.90 Maternal use of psycho-tropic drugs has also 
been associated with a two-fold increased rate of consultation for childhood sore throat.95 96 Finally, a 
meta-analysis found an association between tonsillectomy and children from parents who smoke in the 
household.97 Based on previous studies and expert opinion, additional co-morbidities which may be 
associated with increased risk of tonsillectomy include immunodeficiency, Down’s syndrome, asthma, 
cardiac disease and defects, and diabetes mellitus.90 98 Thus, in summary, variables including the child’s 
immunity and exposure to pathogens, parental attitudes, social factors including school achievement, 
alongside the opinions and attitudes of GPs and ENT surgeons, can all influence the likelihood of 
surgery.  
1.6 Variation in tonsillectomy rates  
Variation in tonsillectomy rates exists in the UK and among other countries. In 1998, the tonsillectomy 
rates were 19 per 10,000 children in Canada, 50 per 10,000 in the US, 65 per 10,000 in England, 118 per 
10,000 in Northern Ireland and 76 per 10,000 in Finland.99 There was evidence of variation in 
tonsillectomy rates even in the 1930s. For example, in 1938, 83% of boys starting at Eton College had 
already undergone the operation.100 Yet, in this same year, the estimate of children from state schools 
who had undergone this operation was 20%.5 In the 1930s, a child living in affluent Bexhill was 27 times 
more likely to undergo tonsillectomy than a child in less affluent Birkenhead.5  
There is still marked geographical variation in tonsillectomy rates, as reported in the 2005 annual Chief 
Medical Officer’s (CMO) report.5 However, this CMO report highlighted that the relationship with social 
class seems to have reversed and that now children from affluent backgrounds are significantly less 
likely to undergo the operation than those from the more deprived backgrounds. The 2005 CMO report 
suggested that the marked variation in tonsillectomy rates is unlikely to be attributable to the patients’ 
medical needs and that the variation relating to social class may have other explanations.5 Other factors 
include the disruption of recurrent throat infections to a child’s schooling and the family’s work 
commitments. Additionally, the knowledge, opinions and behaviour of the referring clinicians, the ENT 
surgeon and the interaction between health professionals and carers all influence surgical rates. 
Furthermore, it could reflect insufficient resources at a local or national level or inefficient 
prioritisation.4 5 The Royal College of Surgeons published the document “Is access to surgery a postcode 
lottery?” in 2014, which highlighted variation in tonsillectomy rates but that the majority (41 out of 52) 
of Clinical Commissioning Groups (CCGs) follow the RCS/ENTUK and NICE guidelines for undertaking 
tonsillectomy.101 However, two CCGs applied a minimum six month period of watchful waiting in 
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primary care, which further delayed surgical intervention and eight CCGs required documented absence 
from school or work and/or failure to thrive, which is inconsistent with national clinical guidance. As the 
report highlights, this can be subjective and may contribute to varied access for treatment. 
When tonsillectomy was in vogue and endorsed by the medical profession, affluent families had the 
highest tonsillectomy rates.5 Yet, today, the operation is more restricted and affluent families, who are 
likely to be better informed and empowered to take decisions, have altered their healthcare behaviour.5 
The ‘NHS Atlas of Variation in the Healthcare for Children and Young People’ reported on the variation 
in tonsillectomy rates in England for 2007/8-2009/10.102 It observed that the elective tonsillectomy rate 
ranged from 83.1 to 500.4 per 100,000 population aged 0-17 years, within the former Primary Care 
Trusts (PCTs), which represents a 6-fold variation. However, once the five PCTs with the highest and the 
five PCTs with the lowest rates were excluded, this range dropped to 145.1 to 423.7 per 100,000 
population, with a 2.9 fold variation.102 
One of the proposed reasons for variations in tonsillectomy rates was the absence of data from the 
independent sector. To attempt to address this hypothesis, Suleman et al. explored the variation in 
tonsillectomy rates among children aged <15 years across English regions using Hospital Episodes 
Statistics (HES) data between UK financial years 2000/1 and 2005/6 and included independent sector 
data from the British United Provident Association (BUPA) for 2000.4 The authors found the highest 
rates in Barrow-In-Furness of 754 (95% CI: 690-822) per 100,000 children and the lowest rates in 
Rushcliffe of 102 (95% CI 83-125) per 100,000 children, which represented a highly statistically 
significant seven-fold difference between the two extremes. The mean tonsillectomy rate within the 
NHS was 304.6 (SD 100.9) and with the inclusion of the private sector data, it was estimated at 371.1 (SD 
130.3). Therefore, the variability of tonsillectomy rates increased with the inclusion of private sector 
data. The main limitations of this study were; firstly, it only used private sector data for one year and not 
the entire 5-year study period; and, secondly, only data from one private health provider in England 
were available. The authors suggested, aside from the social class influences, that the national variation 
could reflect an individual surgeon’s views, as opposed to patient-related factors.  
1.6.1 Tonsillectomy and deprivation 
There have been contrasting findings for an association between deprivation level and tonsillectomy 
procedures over the last 25 years. Lock et al.’s pragmatic trial and cohort study based in the North of 
England and Scotland did not find an association between socio-economic status (SES) and 
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tonsillectomy.90 Similarly, Boss et al.’s retrospective analysis of 583,000 tonsillectomies performed in 
2006 from data obtained from the National Survey of Ambulatory Surgery in the US found no difference 
in tonsillectomy rates between children with and without private health insurance.103  
However, marked deprivation and geographical gradients have been reported in other studies in 
England, Scotland and Canada.4 104 105 Bisset and Russell were among the first to report an association 
between tonsillectomy and deprivation in the UK. Their retrospective analysis examined children aged 
<15 years who underwent grommet insertions and tonsillectomies in Scotland in 1990.105 They reported 
that deprivation was associated with significantly higher tonsillectomy rates and significantly lower 
grommet insertion rates. Croxford et al.’s study similarly found an association between deprivation and 
tonsillectomy in Ontario, Canada.104 Croxford et al. studied the SES of children who underwent 
myringotomies and tonsillectomies between 1996 and 2000. The authors found that children from 
lower SES were more likely to have tonsillectomy rather than myringotomy as an initial operation, and 
that if they were undergoing myringotomy, they were also more likely to undergo tonsillectomy during 
the same hospital admission.  
Spilsbury et al.’s community-based US cross-sectional study of 843 children with and without OSAS 
found that those with OSAS were more likely to reside in disadvantaged areas.106 Brouillette et al.’s 
observational study of 436 children in Montreal, Canada, similarly found that children with OSAS were 
more likely to live in disadvantaged areas than those without OSAS.107 Clement et al.’s Scottish 
prospective cohort study of 146 children who underwent tonsillectomy for recurrent tonsillitis or OSAS 
found an association between deprivation and tonsillectomy, particularly operations performed for 
symptoms related to OSAS among younger children (aged <5 years). Among those who underwent 
tonsillectomy, 39% were from the most deprived quintile and 13% from the least deprived quintile.108 
Thus a possible two-way relationship might exist between SDB and deprivation for tonsillectomy, 
particularly among younger children. However, as these studies were small and geographically 
localised, larger studies with nationally-based populations are required to validate this observation. 
Deprivation is recognised as a determinant of poor health in children, although the precise causal 
mechanisms are not fully understood.109 Deprivation may increase the exposure of children to a number 
of potential environmental and social risk factors which may adversely affect their health. Relevant 
variables include increased exposure to irritants, such as tobacco smoke, air pollution and allergens, 
which can increase the risk of triggering upper airway inflammation, increasing airways resistance and  
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importantly, potentially triggering or exacerbating pharyngeal obstruction, leading to SDB symptoms. 106 
110 Higher prevalence rates of smoking in households, which is associated with increased upper 
respiratory infections, including tonsillitis, may be an important contributory factor for higher 
tonsillectomy rates among more deprived populations.111 Prematurity rates are also higher in deprived 
areas and prematurity is an independent risk factor for SDB.106 112 Lower SES has been found to be an 
independent risk factor for SDB in children and also for respiratory disease and GABHS infections, all of 
which can increase the need for tonsillectomy.103 113 114 Childhood hospital admissions for asthma have 
declined in England following smoke-free legislation, but ATI admission rates have increased.115 116 
However, little is known about how these factors, alongside increased awareness about SDB and 
guidance on the criteria for performing tonsillectomy for throat infections have influenced the socio-
demographic profile of children who have actually undergone the operation in recent years, and there 
may be a complex interaction between all of these variables.  
1.7 Previous studies on the impact of tonsillectomy  
1.7.1 Impact of tonsillectomy on throat infections 
A Cochrane review, which was first published in 1999 and recently updated in 2014, evaluated the 
benefit of tonsillectomy for recurrent and chronic ATI and found only modest benefits. However, the 
review included only five randomised controlled studies with 987 participants.1 The review reported 
that children affected by recurrent acute tonsillitis might experience a minor benefit from tonsillectomy. 
The meta-analysis showed it could avoid 0.6 episodes of any type of sore throat in the first year after 
surgery, compared with no surgery. Children who underwent tonsillectomy experienced three episodes 
of sore throat on average, compared with 3.6 episodes among children who did not have surgery and 
one of the three episodes in the former group was post-operative. Importantly, there was heterogeneity 
in the definition of sore throat episodes and ATI, for the included studies, which limits the interpretation 
of the meta-analysis findings. For example, one study used a definition of pain or difficulty in swallowing 
with an accompanying fever to define a throat infection and pain or difficulty swallowing without a fever 
to represent a simple ‘sore throat’. By contrast, a US study applied a confirmed streptococcal infection 
within its definition. The review highlights that reliable information is only available for the first year 
post-operatively and there is a paucity of data for children who are less severely affected. The authors 
highlighted that moderately (less severely) affected children may never experience another severe sore 
throat episode, and the chance of them doing so was only modestly reduced by tonsillectomy. 
Therefore, the review recommended that only those with severe, recurrent ATI may benefit from the 
operation. The authors also reported no statistically significant difference in the sore throat outcomes 
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by comparing tonsillectomy with adenotonsillectomy. A summary of the key studies on the impact of 
tonsillectomy for ATI is shown in Appendix 1. 
The most widely cited randomised controlled trial (RCT) on the benefit of tonsillectomy for recurrent 
ATI, published by Paradise et al. in 1984, showed modest benefits among children severely affected at 
baseline.71 This RCT involved 187 children who were severely affected by recurrent throat infections. Of 
these children, 91 were randomly assigned to either surgical or non-surgical treatment groups, and 96 
were assigned according to parental preference. The effects of tonsillectomy were similar in the 
randomised and non-randomised trials. For the mean number of sore throat episodes within 1 year 
post-operatively, the tonsillectomy group had 2.2 episodes and the control group had 3.1 episodes, 
based on the assumption that there was a sore throat episode post-operatively. Here, the net reduction 
was less than one sore throat episode in a year. During the first two years’ post-operative follow-up, the 
incidence of throat infection was significantly lower in the surgical groups compared with the non-
surgical groups. However, by the third year, there was a non-statistically significant reduction in throat 
infections in the surgical group. Notably, in the first follow-up year, there were fewer than three throat 
infection episodes in many of the individuals in the non-surgical group, and most of these episodes were 
mild. However, this study has important limitations which are highlighted by the SIGN guidelines and the 
Cochrane review.2 70 In particular, the randomisation was not balanced in terms of frequency of 
episodes or socio-economic group. However, there have been no recent RCT investigating children with 
very frequent, severe ATI, which is the group most likely to benefit from surgery.  
A more recent pragmatic RCT in the North of England and Scotland, which investigated 729 children 
(268 in the randomised trial group and 461 in the cohort group), found that there was a reduction of 3.5 
sore throat episodes in the two years following tonsillectomy compared with conservative 
management.90 However, this difference was not statistically significant. Both children and parents 
preferred surgery to conservative management, yet the health of children with recurrent sore throat 
was seen to improve with time regardless.90 The study did not provide strong evidence in either 
direction for the clinical effectiveness of tonsillectomy for throat infections and the authors concluded 
that further research was necessary. 
A Dutch RCT of 300 children aged 3-8 years old with mild to moderate symptoms of throat infections, 
adenotonsillar hypertrophy or recurrent URTI found that there was no significant clinical benefit and the 
operation was not cost-effective.117 The participants included children with ≥3 throat infections per 
year, obstructive problems or recurrent URTI. Thus the groups were heterogeneous at baseline. Children 
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who fulfilled the Paradise criteria were excluded, as the focus of the study was on children with mild to 
moderate symptoms at baseline. The outcome measures were episodes of fever, throat infection and 
URTI at 3, 6, 12, 18 and 24-month intervals for all children. However, an RCT of 328 children with 
moderate sore throat episodes found a statistically significant reduction in the incidence of mild throat 
infections in the tonsillectomy arm compared with the watchful waiting control arm. However, this 
benefit needs to be weighed against the potential risks and cost of the operation.118 Furthermore, there 
were large losses to follow-up in this study so the findings are only reliable for the first year of follow-up. 
Orvidas et al.’s retrospective cohort study investigated the impact of tonsillectomy on 290 children aged 
4 to 15 years with ≥3 episodes of GABHS pharyngitis at least 1 month apart during the 12 months prior 
to the index date.98 Children developed a GABHS pharyngitis infection much sooner in the comparison 
group than the tonsillectomy group (median 0.6 vs. 1.1 years, respectively). Furthermore, the children in 
the comparison group were 3.1 times (95% CI: 1.9-4.9; P <0.001) more likely to develop a subsequent 
GABHS pharyngitis infection during follow-up than children in the tonsillectomy group, after controlling 
for the baseline frequency of GABHS pharyngitis infections per patient within the previous year and 
presenting pre-existing conditions. However, inclusion criteria and follow-up criteria relied on positive 
GABHS throat swabs, which are not routinely undertaken in the UK, so this does not represent typical 
clinical management in this country. Furthermore, the attrition rates over the four year follow-up for the 
tonsillectomy group were high at 27% (39/145) and lower at 8% (12/145) for the comparison group. The 
primary outcome of interest was the incidence of developing a GABHS infection post-index date. The 
cumulative incidence of a GABHS infection was higher in the no-tonsillectomy group (58.5%) compared 
with the tonsillectomy group (23.1%). However, the study only focuses on microbiologically confirmed 
ATI episodes and not clinically suspected GABHS. 
Tsou et al.’s observational study based in Taiwan investigated the impact of tonsillectomy on 415 
children aged ≤18 years between 1999 and 2006 and compared the impact with 1630 children who did 
not undergo tonsillectomy who were randomly selected from the same Taiwan National Health 
Insurance Research Database.119 The children in the tonsillectomy group were frequency matched on 
sex, age and date of surgery (index date). The change in physician consultations was studied for URTI 2 
years prior and 2 years subsequent to the index date between the two groups of children. The authors 
found the number of outpatient visits for URTI significantly decreased over time with a greater 
reduction among children from the tonsillectomy group than the comparison group (mean changes, -14 
times and -6 times, respectively). By including all URTI, this diagnosis encompasses both non-specific 
and specific URTI, including common cold, rhinosinusitis, otitis media, pharyngitis and tonsillitis. 
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Therefore, as the authors themselves highlight, the reduction in the URTI rate could be due to a global 
reduction in the incidence of URTI rather than the incidence of specific infections, such as tonsillitis and 
pharyngitis. The authors also highlight the potential bias related to parental health-seeking behaviour 
surrounding consulting a physician. The study participants were of Chinese ethnicity and the authors 
state that they may not be generalisable to other ethnic populations.  
The vast majority of studies to date on the impact of tonsillectomy focused on the severe end of the 
spectrum; yet children with mild throat disease also undergo tonsillectomy, and the effect in this 
group has not been well studied. 
1.7.2 Quality of life following tonsillectomy  
There have been numerous studies which have assessed the quality of life (QOL) of children after 
tonsillectomy, primarily for SDB; the majority reported positive outcomes in terms of behaviour, 
intellectual and school learning development and cognition up to four years post-operatively.120 121 122 
123 However, Marcus et al.’s RCT of 464 children found that, although there were positive outcomes for 
behaviour, quality of life and polysomnographic findings, attention and executive function did not 
improve following tonsillectomy compared with conservative watchful waiting.122 However, most 
studies assessing quality of life have been observational and larger randomised controlled trials are still 
needed to provide definitive evidence for potential benefits by age group and severity.80 120 
There are few studies that have investigated QOL measures following tonsillectomy for recurrent throat 
infections, and they have shown mixed findings.124 125 126 Although evidence from RCT suggests modest 
or no statistically significant benefit in tonsillectomy, non-controlled and observational studies suggest 
benefits in terms of a reduction in ATI episodes and also general well-being and health.2 Observational 
studies have shown high satisfaction rates, often in excess of 90%, among patients and parents whose 
children have undergone tonsillectomy.125 126 One study of 384 children who underwent tonsillectomy 
only assessed satisfaction up to 14 days follow-up. Another was a national prospective multicentre study 
which sent a questionnaire to the parents of 664 children one year after surgery, with an 87% (576/664) 
response rate.125 126 Tonsillectomy was performed for recurrent febrile tonsillitis or obstructive 
symptoms such as sleep apnoea or snoring with restless sleep and daytime irritability among 88% of the 
group. The number of episodes of febrile sore throat fell from a mean of 6.7 in the year prior to surgery 
to a mean of 1.5 during the year post-operatively (P<0.001). Obstructive symptoms were resolved in 
80% of cases, 524 (91%) were satisfied with the benefit and 159 (28%) regretted not having arranged to 
have surgery performed earlier. However, there was no control group to compare the findings. Another 
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multicentre, prospective observational study used two validated instruments to assess QOL after 
tonsillectomy for recurrent tonsillitis.124 The authors found improvement in behaviour, general health 
perceptions, parental impact, physical functioning and family activities. However, the study was 
uncontrolled and only 63% of children (58/92) were available at 6 months’ follow-up, which fell to 41% 
of children (38/92) at one year’s follow-up.124  
Lock et al. assessed days of absence from school and other measures of quality of life in addition to 
clinical outcomes for recurrent throat infections in a pragmatic RCT with a parallel non-randomised 
patient preference group (cohort study). The authors found only modest benefits in psychosocial health 
for surgery over medical management up to 24 months’ follow-up.90 Furthermore, Van Staaji et al.’s 
open RCT found no clinically relevant differences for health related quality of life among those with mild 
symptoms of throat infections at baseline.127 Therefore, the improvement in quality of life is, not 
surprisingly, most likely to benefit children with the most severe disease at baseline. A recent UK 
interview-based study of 10 families by Barraclough found that tonsillectomy helped with a number of 
psychosocial factors including education, socialising, family and psychological consequences following 
tonsillectomy.128 By contrast, Marshall’s review of tonsillectomy for recurrent throat infections found 
that there was no evidence that tonsillectomy reduced the number of lost school days. Marshall further 
reported that if morbidity caused by the operation was also included, the number of lost school days 
may have increased.129  
1.7.3 Complications of tonsillectomy 
Potential complications associated with tonsillectomy include excessive pain, difficulty in swallowing, 
vomiting and fever. Post-operative bleeding may also occur, either soon after the operation while the 
patient is in hospital (primary haemorrhage) or after the initial recovery, typically following the 
discharge of the patient (secondary haemorrhage).78 
Complications associated with tonsillectomy have substantially reduced over the decades. The RCS 
national prospective audit of tonsillectomy in 2003/4 showed that among children aged <5 years, the 
tonsillar haemorrhage rate was 1.9% and the return to theatre rate was 0.8%.78 These respective 
percentages for children aged 5-15 years were 3.0% and 0.8%. There are also potential risks and 
complications associated with a general anaesthetic.78 
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1.7.4 Cost effectiveness of tonsillectomy 
Recurrent throat infections are a common condition presenting in primary care, and tonsillectomy is one 
of the most common operations. It presents a significant burden of disease, and in 2012, about 13,000 
operations were performed in adults and 18,000 operations in children, in England, which incurred a 
cost of £51m.75  
Buskens et al. examined costs and effects of tonsillectomy among Dutch children aged 2-8 years with 
mild to moderate symptoms of ATI as part of their open RCT.117 The authors investigated the 
incremental cost-effectiveness in terms of costs per episode of fever, throat infections and URTIs 
avoided. They calculated the annual costs incurred in the tonsillectomy group were €803 and €551 in 
the watchful waiting group, respectively. Only costs associated with general practitioner visits and use of 
over-the-counter drugs were decreased by surgery, by €7 and €4, respectively. The authors concluded 
that children with mild to moderate ATI disease undergoing tonsillectomy resulted in an overall increase 
in costs of 47%, which represents a more than €250 cost increase per person-year and therefore that 
tonsillectomy was unfavourable for this severity of ATI disease. 
Wilson et al. performed a cost effectiveness analysis on the children in their pragmatic UK RCT and 
cohort groups of tonsillectomy versus medical therapy.130 The RCT intention to treat analysis (ITT) 
showed that tonsillectomy saved 3.5 sore throat episodes whereas the as-treated model suggested an 
average reduction of more than 8 sore throat episodes in 2 years for surgery performed within 10 weeks 
of consultation. However, there were decreasing rates of recording for the primary outcome data in 
sore throat diaries and completing the quality of life measure, which limited the analysis that was 
possible. The ITT analysis showed £154 per sore throat episode was saved providing that surgery was 
possible within 10 weeks of an initial consultation. The authors concluded that tonsillectomy can 
potentially save up to 8 sore throats at a reasonable cost if performed promptly.  
As Wilson et al. highlight, cost effectiveness depends on the index population being analysed. 
Tonsillectomy was not seen as cost effective among children aged 2-8 years with mild to moderate 
disease in Holland.117 130 However, those with more severe disease could benefit providing that there is 
no delay in the time to surgery.130 Thus, in summary, tonsillectomy appears to be cost effective for 
children with severe, frequent ATI but not for those with mild to moderate ATI severity. 
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1.8 ENTUK’s position paper on tonsillectomy 
In 2009, ENTUK, which is the UK’s professional body of ENT surgeons, published a position paper about 
the indications for tonsillectomy. It highlighted ENTUK’s current opinions on tonsillectomy in terms of its 
indications, likely outcomes and the benefits of the operation.6 
The three primary indications for tonsillectomy proposed were:  
 recurrent episodes of tonsillitis;  
 enlarged tonsils causing obstruction, which may be the cause of obstructive sleep apnoea; and,  
 possible malignant disease of the tonsils – typically squamous cell carcinoma or lymphoma.  
The position paper raised concerns that too few tonsillectomy operations were being undertaken in 
England and that, consequently, there has been an increase in admissions among adults and children for 
throat infections, including PTA. The report quotes the total number of tonsil-related admissions in 
2000/1 (30,942 admissions) and that it increased by 41% (12699 admissions) by 2008/9 (43,641 
admissions). It also quotes that the PTA cases rose from 6,352 in 2000/1 to 7,683 in 2008/9. The authors 
also proposed that the severity of throat infections increased as a consequence of declining 
tonsillectomy rates. However, the report only provided numerator data, which does not take account of 
the population denominators nor include any comparative data to evaluate changes in the severity of 
throat infection.  
1.9 Challenges of ATI and tonsillectomy for families and primary care clinicians 
1.9.1 Children and their families 
A child with a recurrent or chronic medical condition can affect an entire family.131 During an ATI, a child 
can experience pain, difficulty in eating and fever during throat infections and may miss school. Such 
school absences inevitably impact on the parents who may need to take time off work to care for their 
child. Therefore, aside from the child’s own discomfort, there may potentially be practical, financial, 
emotional and social effects on the rest of the family.94 132  
A study of 1,190 parents of children in 1994-1995 from four ENT departments across three districts in 
northern England aimed to ascertain the impact of recurrent throat infections on the whole family and 
discover parental attitudes.131 The authors found that the majority of children had experienced more 
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than four throat infections during the previous year and that it had affected their sleep and resulted in 
time off school. Most parents were anxious and reported disruption to the family, including taking time 
off work and the potential of cross-infection. Parental anxiety, disruption and eagerness for their child 
to undergo surgery were associated with the duration of throat infections and the number of episodes 
in the previous year. While time off school or parental time off work was significantly associated with 
parental worry and disruption, it was not associated with eagerness for surgery. The authors also 
highlighted a need for more research into the effectiveness of tonsillectomy as a treatment for 
recurrent throat infections that cause long-term disruption to family life and educational attainment but 
that do not, in themselves, cause any serious clinical harm to a child’s health.131 
Lock et al.’s study found the most important factor influencing a preference for tonsillectomy was if it 
was perceived that a child’s progress at school was affected by their condition during the 3 months prior 
to baseline.90 The second most important predictor was if the child had experienced any persistent sore 
throat infections during these 3 months.  
1.9.2 General practitioners 
GPs act as gatekeepers for the management of throat infections. A GP has to discriminate between mild, 
self-limiting episodes and severe infections. Additionally, GPs need to consider the issue of children re-
consulting with self-limiting throat infections; diagnostic uncertainty and managing risk, in terms of 
preventing suppurative and non-suppurative complications; and, balancing the prescribing of antibiotics 
when clinically indicated versus the concerns surrounding antibiotic resistance and costs by over-
prescribing. GPs need to evaluate a child’s discomfort, the family’s attitudes and situation, clinical 
indications, the potential benefits and risks of surgery and resource allocations. There are also 
important psychosocial issues which need to be accounted for and explored prior to prescribing. 10 95 133 
The criteria for tonsillectomy and the effectiveness of the operation are still unclear, which means that 
the decision whether or not to refer a child for surgery is not straightforward.131 
Having highlighted the background literature for this thesis, I now summarise the gaps in the literature 
base, which justify this research and the research questions relating to these gaps. 
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1.10 Key findings from the literature review and the justification of this research  
Key findings from literature review Research question 
 
Tonsillectomy has modest benefits in reducing 
subsequent acute throat infections (ATI) 
among children with severe recurrent throat 
infections at baseline. However, most studies 
to date have been conducted in hospital 
settings and over a short follow-up period. 
There is a paucity of evidence on the impact of 
tonsillectomy for children with mild ATI 
disease in primary care settings, over an 
extended follow-up period. 
 
What is the clinical effectiveness of 
tonsillectomy among children with mild 
severity ATI disease? 
 
 
In 2009, ENTUK expressed concerns about 
declining tonsillectomy rates and attributed 
rising hospital admissions for severe tonsillitis 
and complications, such as peritonsillar 
abscess (PTA), to this trend. However, only 
numerator data were reported and it is not 
known if there is a relationship between trends 
in tonsillectomy rates and hospital admission 
rates for ATI and PTA of increased severity. 
 
Has the decline in tonsillectomy rates 
led to an increase in serious ATI 
infections in children? 
 
 
SIGN guidelines for tonsillectomy for throat 
infections, which were first published in 1999, 
described the minimum documented 
frequency of ATI to warrant surgery. Although 
the guidelines were acknowledged and 
adopted by ENT surgeons, it is not known 
whether GPs have followed them. 
 
Do children have a clearly documented 
minimum frequency of ATI consultations 
recorded prior to tonsillectomy in 
general practice, according to SIGN 
criteria? 
 
 
There is a paucity of data on the contemporary 
demographic profile of children who undergo 
tonsillectomy and how this has changed in 
recent years. There is also conflicting evidence 
surrounding whether there is a potential 
deprivation gradient among children who 
undergo tonsillectomy. 
 
What is the socio-demographic profile 
of children undergoing tonsillectomy 
and how has it changed over the last 
decade? 
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The theme for this thesis is that evolving evidence and national guidelines have changed the landscape 
for conducting tonsillectomy operations in children. I set out to examine to what extent this is reflected 
in practice.  
1.11 Scope of this thesis 
My thesis is focused on both the mild and severe ends of the clinical spectrum for ATI, where there are 
some evidence gaps. I examine trends in hospital admissions for ATI, specifically, acute tonsillitis and 
acute pharyngitis, and also PTA, against background trends in tonsillectomy at the severe end of this 
spectrum. I also investigate children with mild ATI disease with low baseline consultation frequencies of 
acute tonsillitis, acute pharyngitis, sore throat signs and symptoms and non-specific URTI, and study the 
impact of tonsillectomy on these children in general practice. However, I do not study children at the 
severe end of the ATI spectrum in the general practice setting, as this has already been studied showing 
evidence of potential benefit in these children. The focus of this thesis is tonsillectomy in relation to ATI, 
although I also cover SDB in relation to the changing socio-demographic profile of children undergoing 
tonsillectomy. 
1.12 Chapter summary 
In this chapter I have provided an overview of the clinical aspects, specifically the presentation, 
diagnosis and management of ATI among children. I have also covered non-clinical factors, including 
quality of life outcomes and health-seeking behaviour surrounding throat infections and tonsillectomy. 
Additionally, the clinical indications for tonsillectomy and a synopsis of some of the potential 
advantages, as well as risks associated with this operation have been outlined to highlight some of the 
factors that influence clinicians’ and families’ decision-making surrounding the operation. As part of my 
literature review, I have highlighted some of the gaps in knowledge, which I aim to address in the 
subsequent chapters of this thesis. 
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Chapter 2 Overview and rationale for this thesis 
This section provides the rationale for undertaking this PhD study within primary and secondary care, 
followed by the rationale for the individual studies, the specific hypotheses for the individual studies, 
the overall hypothesis, the research questions, and the thesis aims and specific objectives.  
2.1 Rationale for studies within secondary care 
A number of studies, reviews and national guidelines published during the last 20 years on the referral 
indications and clinical impact of tonsillectomy have encouraged a curtailment of tonsillectomy 
operations recommending that it should be restricted to children with the most severe disease.1 2 26 134 
However, the influence of these publications on tonsillectomy rates and the socio-demographic profile 
of children who undergo tonsillectomy has not been studied in the UK at a population level. This thesis 
explores the socio-demographic characteristics of children who undergo tonsillectomy to determine if 
attitudes and opinions of Ear, Nose and Throat (ENT) surgeons and general practitioners (GPs) towards 
this operation have shifted and it aims to uncover any potential health disparities. 
Furthermore, although there is no evidence of an association between antibiotic prescribing trends in 
general practice and hospital admissions for peritonsillar abscess (PTA),16 what has not been studied to 
date is whether tonsillectomy trends influence PTA rates and other severe acute throat infections (ATI). 
This thesis aims to address this gap in the literature.  
Hospital Episodes Statistics (HES) data have been analysed for these secondary care studies and, as 
described in Chapter 1, cover all NHS hospital activity in England. The vast majority of emergency care 
occurs in NHS settings and about 16% of ENT activity, including tonsillectomy operations, occurs in the 
private sector. Therefore, although I was not able to investigate tonsillectomies performed in the private 
sector, this database provides a large sample size, which is largely representative of the population seen 
in secondary care settings in England.  
2.2 Rationale for studies within primary care 
There is a paucity of research investigating ATI in relation to tonsillectomy among children in a primary 
care setting, yet GPs manage the vast majority of throat infections and they act as gatekeepers between 
managing children in the community or referring them to hospital for admission with severe ATI or for 
consideration of tonsillectomy. A GP does not generally have access to immediate on-site blood tests or 
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swab results and needs to rely on clinical judgement and knowledge, taking into consideration the 
individual patient’s presentation, past medical history and social factors to make decisions surrounding 
throat infections. A good understanding of the impact of tonsillectomy on ATI among children, is 
important for GPs when they contemplate referring children for tonsillectomy to assist in decision-
making and in communicating with parents.  
Evidence highlights some benefit of tonsillectomy for children with frequent ATI.134 In 1999, the Scottish 
Intercollegiate Guidelines Network (SIGN) first published recommendations for a minimum of five 
documented severe ATI episodes to warrant referral for tonsillectomy.26 Despite children with ATI being 
primarily seen by GPs, who then refer them for tonsillectomy where appropriate, there have been no 
large studies in the UK that have investigated ATI consultation rates in a general practice setting prior to 
tonsillectomy.  
As described in Chapter 1, previous studies on the impact of tonsillectomy have predominantly been 
based in secondary care settings and typically not analysed beyond a 2-3 year follow-up. 71 90 118 127 
Therefore, the longer-term potential clinical benefit of the operation, in terms of changes in ATI 
consultation rates for example, requires investigation. Furthermore, as also described in Chapter 1, 
previous studies have focused on the more severe end of the ATI spectrum. As highlighted in the 
literature review, many children who undergo tonsillectomy do not have a clearly documented prior 
history of ATI episodes and the longer-term benefit of surgery in these children has not been studied in 
detail. Therefore, this PhD thesis focuses on the impact of tonsillectomy for children with low baseline 
ATI consultation rates over 6 years’ follow-up.  
Information about the change in ATI consultation rates and potential co-morbid risk factors associated 
with tonsillectomy is needed to increase our knowledge surrounding which children are referred for this 
operation and which subgroups of children may benefit from surgery. The Clinical Practice Research 
Datalink (CPRD), as will be described in Chapter 4, contains computerised individual level, longitudinal 
medical records and provides a large and representative sample size to investigate these research areas. 
2.3 Rationale for Study 1: Socio-demographic profile of children undergoing tonsillectomy  
The most frequent indications for tonsillectomy are for recurrent throat infections and the sleep-
disordered breathing (SDB) spectrum.6 82 135 However, little is known about how the socio-demographic 
profile of children who undergo tonsillectomy has changed in recent years. There are a number of 
potential drivers, related to both of these indications, which may have influenced this profile. Firstly, the 
45 
 
Cochrane review and the SIGN guidelines, which were both first published in 1999, recommended that 
tonsillectomy should be reserved for children with severe recurrent tonsillitis.  These publications may 
have raised the threshold among surgeons and general practitioners for considering surgery for 
recurrent throat infections. Overall, tonsillectomy rates have declined in recent decades, particularly 
among more affluent families.5 Group A β-haemolytic streptococcal (GABHS) infection, the most 
common bacterial organism responsible for acute tonsillitis, is most prevalent among children aged 5–
15 years and less common among children on either side of this age range.21 Therefore, I would 
anticipate that a recommendation to curtail tonsillectomy rates for recurrent tonsillitis would most 
likely reduce the rates in this older age group, particularly among those from the most affluent (least 
deprived) areas.  
Secondly, there has been an increase in awareness and detection of the SDB spectrum, including 
obstructive sleep apnoea at the severe end of the spectrum, which most commonly affects children 
aged <5 years.6 82 135 Subsequently, there has been a shift towards performing tonsillectomy in younger 
children in the US and Europe.78 82 136 SDB has only been recognised in children from the mid-1970s and 
awareness among clinicians is still increasing, so that SDB diagnostic rates have been increasing year on 
year.7 As previously discussed in Chapter 1, there may be a two-way relationship between SDB and 
social deprivation for tonsillectomy, particularly among young children, although this has not been 
investigated using a large population based sample size. However, I would anticipate that the recent 
increase in diagnostic rates of children with SDB in the youngest age group from the most deprived 
areas observed in Canada, the US and Scotland would similarly be observed in England. 106-108 
As described in Chapter 1, there have been contrasting findings relating to a potential association 
between socio-economic indices and tonsillectomy operations.5 90 103 Therefore, it is important to 
ascertain the current situation and whether a deprivation gradient still exists and, if so, whether it has 
widened. Despite national guidelines for recurrent throat infections and increased awareness and 
detection of SDB, there is a paucity of information surrounding how this has affected the socio-
demographic profile of children, who are actually undergoing the operation, using large study 
populations. Therefore, the aim of Study 1 was to investigate whether these changes have influenced 
the socio-demographic profile of children who underwent tonsillectomy over the last decade. 
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My two specific hypotheses for Study 1: 
i) Dissemination of national guidelines on tonsillectomy for ATI has led to a reduction in 
operation rates among older children, in particular among those from the least deprived 
(most affluent) areas. 
ii) Increased awareness and detection of SDB has led to an increase in tonsillectomy rates 
among younger children from the most deprived areas. 
2.4 Rationale for Study 2: Relationship between tonsillectomy and ATI admission trends  
Randomised controlled trials (RCT) and systematic reviews have shown that children only experience 
modest reductions in ATI episodes following tonsillectomy and that this is predominantly among 
children who, at baseline, were the most severely affected.70 71 127 137 This has led to recommendations 
to curtail the number of tonsillectomies performed among children and to reserve surgery for only 
those more severely affected by ATI, particularly as tonsillectomy has associated intra- and post-
operative risks. 2 26  
However, in 2009, concerns were raised by ENTUK, the professional body of Ear, Nose and Throat 
surgeons, in a position statement, that the UK has one of the lowest tonsillectomy rates in Europe. This 
document suggested that declining tonsillectomy rates has led to an increase in tonsillitis admissions of 
increased severity and associated complications, such as peritonsillar abscess (PTA).6 Thus the main aim 
of the study was to determine if tonsillectomy trends have influenced hospital admission rates for ATI 
and PTA, and their severity, between 1999/2000 and 2009/10.  
My specific hypothesis for Study 2: 
A decline in tonsillectomy rates is associated with an increase in hospital admission rates for ATI and PTA 
in children of increased severity.  
2.5 Rationale for Study 3: ATI consultation patterns prior to tonsillectomy 
SIGN published guidelines on recurrent throat infections and tonsillectomy in adults and children in 
1999.2 These guidelines highlighted the importance of only referring and performing tonsillectomy on 
children (and adults) who are most severely affected by recurrent ATI for at least one year, with a 
minimum of five episodes during that year. The SIGN guidelines are recognised and adopted by ENT 
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surgeons to varying degrees.76 However, whether these national guidelines have also been followed by 
GPs is unknown.  
The study aims were to examine the prior documented frequency of individual ATI consultation 
diagnoses in the year prior to tonsillectomy, and also the percentage of children who underwent 
tonsillectomy who fulfilled the SIGN 1999 criteria for the documented minimum frequency of severe ATI 
episodes.  
My specific hypothesis for Study 3: 
Children aged 4-15 years who underwent tonsillectomy in 2007 for ATI fulfilled the SIGN 1999 criteria for 
minimum documented ATI. 
2.6 Rationale for Study 4: Impact of tonsillectomy on ATI consultations 
Tonsillectomy is one of the most common operations performed in children, predominantly for 
recurrent ATI.6 Yet, there is a lack of robust evidence for its effectiveness in reducing the incidence of 
ATI, particularly in the medium and longer-term. Evidence-based guidance has identified the need for 
studies on its longer-term effectiveness on recurrent ATI.2 26 RCT and previous observational studies 
have not typically looked beyond two or three years, and because the majority of studies to date have 
also been in specialist or hospital settings, the generalisability of these findings for children who present 
to community general practice is limited. 71 98  118 127 138 
Since the natural history of ATI in children is to spontaneously resolve, this can make it difficult to assess 
whether tonsillectomy has been effective or whether the improvement would have occurred 
spontaneously over time as a result of a child’s immune system maturing.26 134 There are studies of 
children with frequent, severe ATI but there is a lack of studies of children with low baseline frequencies 
of ATI who undergo tonsillectomy.71 90 98 Yet, many children undergo tonsillectomy without a clearly 
documented history of recurrent ATI, despite a lack of evidence for its benefits in reducing the incidence 
of ATI among children with low baseline frequency.76 139 Thus, this is the group of children where the 
greatest clarity is needed surrounding the potential clinical effectiveness of tonsillectomy over an 
extended period. The aim of this study was to investigate whether children with low baseline ATI 
consultation rates who had a tonsillectomy procedure had fewer subsequent ATI consultations 
compared with children who did not undergo the operation.  
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My specific hypothesis for Study 4: 
Tonsillectomy reduces the frequency of ATI consultation rates with clinical and statistical significance 
among children with low baseline ATI consultation rates in general practice. 
2.7 Overarching hypothesis of thesis 
Tonsillectomy reduces the clinical burden of ATI among children in primary and secondary care settings.  
2.8 Main research questions 
1) What is the clinical impact of tonsillectomy on ATI among children in England? 
2) What is the socio-demographic and clinical profile of children who undergo tonsillectomy in 
England? 
2.9 Aim of thesis 
To characterise the children who undergo tonsillectomy and investigate the clinical impact of the 
operation on ATI in both primary and secondary care settings. 
2.10 Objectives 
The specific objectives to address the research questions are: 
1) To assess whether national guidance on tonsillectomy for recurrent tonsillitis and increased 
awareness and diagnosis of SDB have influenced the socio-demographic profile of children 
who have undergone tonsillectomy over a recent 10 year period. (Study 1). 
2) To examine if tonsillectomy rates are related to ATI and PTA admission rates and the severity 
of infection (Study 2). 
3) To investigate the prior documented ATI consultation frequency of children in general 
practice who underwent tonsillectomy (Study 3). 
4) To evaluate the longer-term clinical impact of tonsillectomy on children with low baseline ATI 
consultation rates in general practice (Study 4). 
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The objectives of this thesis were addressed by undertaking a series of individual studies and are 
conceptually represented in Figure 2. The studies are briefly outlined below and described in more 
detail in subsequent chapters.  
Two retrospective time-trend analyses were used to investigate the socio-demographic characteristics 
of children who underwent tonsillectomy and determine if this profile changed over one decade (Study 
1) and to investigate the impact of tonsillectomy trends on ATI and PTA hospital admission trends (Study 
2) using HES data. 
A case series was conducted to investigate the documented frequency of ATI consultations in general 
practice prior to tonsillectomy (Study 3) and a cohort study investigated the impact of the operation on 
subsequent ATI consultation rates among children with low baseline ATI consultations in general 
practice using CPRD data (Study 4). 
Figure 2: Overview of the individual studies within this thesis  
    Study   Design and data source        Outcomes
 
  
Changes in socio-
demographic 
characteristics of children 
who underwent 
tonsillectomy over a 
decade 
Retrospective 
time-trends 
analysis  
HES 
Crude 
tonsillectomy 
rates 
To investigate if 
tonsillectomy rates are 
related to ATI and PTA 
admission rates 
Retrospective 
time-trends study  
HES 
Age standardised 
admission and 
tonsillectomy 
rates 
Documented frequency of 
ATI consultations prior to 
tonsillectomy in general 
practice 
Retrospective 
analysis - case 
series 
CPRD 
ATI consultation 
frequency prior to 
tonsillectomy 
Impact of tonsillectomy on 
ATI frequency in general 
practice 
Retrospective 
cohort study 
CPRD 
Mean differences 
in ATI frequency 
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Chapter 3 Use of routinely collected data for research in children 
In this chapter, I discuss some of the logistical and ethical challenges associated with child health 
research, followed by a description of Electronic Health Records (EHR) and the use of routinely collected 
databases for research purposes. Subsequently, I outline the main types of study design used for 
medical research with particular focus on the study designs adopted in this thesis. 
3.1 Conducting child health research 
Child health research has, until fairly recently, relied on the extrapolation of findings from adult studies, 
using interventions which were not properly studied or evaluated in children.140 However, an increasing 
number of research studies globally have been conducted in children over recent decades. In the UK, 
the Royal College of Paediatrics and Child Health (RCPCH) has encouraged research projects and the 
Medicines for Children Research Network (MCRN) has provided support for researchers nationally and 
locally.141 142 However, there are a number of challenges posed by research studies involving children. 
For example, identifying a sufficient number of children with specific medical conditions can be difficult, 
which can mean randomised controlled trials are insufficiently powered to study an intervention and 
subsequent outcomes. There is also a need to account for developmentally appropriate outcome 
measures for children of different ages, such as the physical, cognitive and emotional development of 
children, as well as the complexities of acknowledging and incorporating parental involvement and 
decision-making.140 Furthermore, there are much tighter and more rigid ethical frameworks to adhere to 
for conducting research with children, which further limits the feasibility of many experimental design 
studies. Parents must provide informed consent for their child to participate in a study and the 
reluctance of some parents to give this consent can, in turn, introduce selection bias to the study and 
limit the generalisability of findings. Thus using anonymised, longitudinal, routinely collected data offers 
an opportunity to overcome some of these challenges. The data enable researchers to study exposures 
and outcomes in children in an ethically sound manner and at relatively low cost.143 
3.2 Electronic Health Records (EHR) 
An Electronic Health Record is a digital, longitudinal record of a patient’s health and healthcare that can 
be shared by different healthcare providers such as general practice, hospitals, out-of-hours settings and 
NHS walk-in centres.144 EHRs promote integrated care and thus may help towards improving patient 
safety.144 145 The Summary Care Record (SCR) is an NHS initiative which has recently been introduced for 
this purpose, but it only provides a skeleton of a patient’s medical history and not detailed consultation 
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notes or prescriptions.146 However, primary care databases can provide longitudinal data on patients 
registered at participating practices. In this thesis, the Clinical Practice Research Datalink (CPRD) and 
Hospital Episodes Statistics (HES) databases have been analysed and a description of each will follow in 
Chapter 4.147 148 
3.3 Routinely collected datasets 
Routinely collected data are mainly gathered for administrative purposes. Within the UK, they facilitate 
hospital reimbursements through the Payment by Results system and for healthcare management. 
Increasingly they are also used for audits to monitor performance, e.g. by the Care Quality Commission, 
formerly the Healthcare Commission.149 There are different secondary care datasets within the UK for 
England, Wales, Scotland and Northern Ireland. In England, the Hospital Episodes Statistics (HES) 
database captures data for hospital activity for every NHS hospital. The main primary care databases in 
the UK are: The Health Improvement Network (THIN), Clinical Practice Research Datalink (CPRD), Q 
research, IMS health, and Secure Anonymised Information Linkage Database (SAIL).147 150 151 152 153  
Over 96% of general practices have computerised medical records.154 Approximately 90% of people’s 
contact with the NHS is in primary care and about 98% of the UK population is registered with an NHS 
general practitioner.155 156 Patients can only be permanently registered with one general practice at any 
one time. Therefore, data from general practices provides a unique opportunity to study a child’s 
medical background from birth (where available).157 Although the data analysed in this thesis did not 
have any linked data between primary and secondary care, data linkage is increasingly available and 
may enhance the quality of future clinical research among children. 
3.3.1 Strengths and weaknesses of using routinely collected databases 
The main strengths of routinely collected databases are their large size, low relative cost per record, 
they capture real-time activity, the relative ease of data collection and that they are less subject to 
information biases (such as recall and reporting biases). Other advantages include the ability to study 
many years of medical history. However, there are also a number of weaknesses. These include data 
quality, data coding issues, limited clinically-relevant information to answer a specific clinical research 
question and limited outcome and process measures.158 159 These strengths and weaknesses are 
discussed in detail in the next chapter in the context of the two databases used in this thesis: HES and 
CPRD.  
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3.4 Study designs for child health research 
A range of study designs can be utilised for both adult and child health research. I will start by 
differentiating between experimental and non-experimental study designs and then focus on the actual 
study designs used within this thesis, which were all non-experimental (observational). 
3.4.1 Experimental study design 
Experimental study designs involve the investigator determining who receives an intervention and who 
does not. Randomised controlled trials (RCT) are a type of experimental study design. They are regarded 
as the gold standard and most rigorous method of determining whether a cause-effect relationship 
exists between an intervention (whether that is a drug, surgery or other intervention) and an outcome 
of interest.160 RCT use random allocation of the intervention or placebo (or no intervention) to different 
groups. This ensures that there are no systematic differences between intervention and non-
intervention groups, for known and unknown confounding factors. Therefore, if the exposure, which in 
this context is tonsillectomy, is randomly allocated to individuals or groups and the sample size is large 
enough, known and unknown confounders can also be controlled for.  
RCT have helped towards establishing the efficacy of numerous treatments for children and 
management strategies, including the ‘Paracetamol plus ibuprofen for the treatment of fever in 
children’ (PITCH) trial which showed that administering ibuprofen before paracetamol for fever in 
children should be first line antipyretic therapy.161 However, RCT are costly and the time and effort for 
recruitment, monitoring and follow-up limited the use of this study design for my PhD. Tonsillectomy is 
a well-established treatment for children with recurrent throat infections and there is a lack of longer 
term data on the effectiveness of the operation. Initiating a new clinical trial was beyond the scope of 
this PhD, but I was able to utilise retrospective routinely collected data to evaluate the clinical benefit of 
tonsillectomy. 
3.4.2 Non-experimental design studies  
Non-experimental design studies (observational studies) can overcome some of the obstacles of 
experimental studies mentioned above and are among the most common epidemiological studies 
conducted, particularly for children.160 Observational studies include: cross-sectional, cohort, case 
control and ecological study designs, as well as case series and case reviews.  
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This thesis utilises three different observational study designs: ecological, cohort and case series. These 
are discussed below to provide a framework to illustrate their application for the individual studies 
within this thesis. 
3.4.2.1  Ecological studies 
Observational studies investigate the association between exposure(s) and an outcome of interest. For 
ecological studies, the unit of observation is an entire group or population. Rates of the outcome of 
interest and the exposure of interest are estimated at a given time point or over a period of time.  
There are geographical ecological studies in which geographical correlations between incidence of 
disease or mortality rates (outcomes) and the prevalence of risk factors (exposures) are examined. For 
example, studies of salt intake levels and average blood pressure readings, by country, have shown that 
countries with higher overall national salt intake levels have higher national average blood pressure 
levels.162  
The limitation of an ecological study design is the potential confounding effects, such as age, although 
this can partly be overcome by the (in)direct standardisation of data. Other limitations surround the 
ascertainment of the outcome and exposure(s), which may differ according to the clinician and the 
setting. Finally, caution must be taken not to attribute an association at a group level to that at an 
individual level - the ecological fallacy. 
Time-trend studies are commonly used to investigate fluctuations in incidence over time of infectious 
and non-infectious diseases, for example influenza and coronary heart disease.163 164 The basis of this 
design is if time-trends in the incidence of an outcome correlate with time-trends in an appropriate 
exposure there may be an association between them. This reflects one of the Bradford-Hill criteria for 
association and warrants further investigation.160 However, like geographical studies, ascertainment 
biases may be an important limitation in some studies.  
In this thesis, I have investigated time-trends in the admission rates for acute throat infections (ATI) and 
peritonsillar abscess (PTA) alongside tonsillectomy rates in children over a decade in England (Study 2). I 
also conducted a time-trends study to investigate the age profile of children who underwent 
tonsillectomy, to reflect changes in the indications for tonsillectomy as well as changing attitudes and 
practices of ENT surgeons (Study 1). 
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3.4.2.2  Longitudinal studies 
In longitudinal studies, subjects are followed up over time with continuous or repeat monitoring of risk 
factors (exposures), outcomes or both.160 The numbers involved can vary considerably. Notable 
examples of large study populations include the European Prospective Investigation into Cancer and 
Nutrition (EPIC) cohort and the Millennium Cohort Study of children.165 166 Furthermore, the length of 
follow-up for longitudinal studies can vary from weeks and months to decades. 
Longitudinal studies examine associations between risk factors (exposures) and outcomes in individuals 
followed up over a period of time. The problems of confounding can be partially overcome by matching 
the controls to the exposed subjects so that they have a similar distribution of exposure to confounding 
factors, or by measuring the exposure to the confounder in each group and then adjusting for any 
difference during statistical analysis. A potential limitation of prospective cohort designs is that there 
can be a long induction period between first exposure to a risk factor and the development of the 
disease (outcome). Retrospective studies can overcome this problem and I have utilised this design 
within my thesis (Study 4).  
3.4.2.3  Case series 
A case series is a descriptive study of a group of individuals, who typically have the same outcome or 
receive the same intervention.160 It provides a method of describing the characteristics of a particular 
group of individuals. However, it is not able to compare individuals who have the outcome of interest 
with those who do not, or compare those who receive an intervention with those who do not. In this 
thesis, I examined children who underwent tonsillectomy and examined their ATI consultation rates 
preceding surgery to identify if children were appropriately referred for this operation (Study 3). 
3.5 Summary of chapter 
As described above, this thesis used observational study designs. Although RCT are seen as the gold 
standard study design they are not always the natural choice for paediatric research. This is partly due 
to ethical considerations, practical difficulties in terms of recruiting subjects as well as the logistics and 
costs of a trial, particularly with a longer duration of follow-up. An observational study can provide 
essential information about child health and, if using secondary data, is less subject to observer and 
recall bias. Furthermore, observational studies offer a more pragmatic approach compared with the 
rigid criteria applied in RCT, where it may be more challenging to generalise findings to the general 
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population. This thesis includes ecological, cohort and case-series designs. Specific methodologies for 
the individual studies are described in Chapter 4. 
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Chapter 4 Methodology and research tools  
Chapter overview 
In this chapter, I describe the two databases I analysed for the individual studies within this thesis - the 
Hospital Episodes Statistics (HES) database and the Clinical Practice Research Datalink (CPRD), including 
their strengths and limitations. This chapter also provides an outline of the epidemiological concepts, 
statistical terms and methods used within this thesis for the individual studies.  
4.1 Hospital Episodes Statistics (Studies 1 and 2) 
4.1.1 Overview of dataset 
HES is a database which contains details of all NHS hospital admissions in England including private 
patients admitted to NHS hospitals.148 It includes hospital admission data in electronic format since 
1989.148 HES covers all NHS trusts in England and includes data relating to demographic information 
(including age, sex and the patient’s home postcode), as well as clinical information, including diagnoses, 
investigations, operations and procedures performed, and length of hospital stay. Access to individual 
patient records is strictly controlled and the data are usually accessed with no patient-identifiable 
information. The process of coding begins with the recording of a patient’s diagnosis, which is within 
their medical notes written by the managing clinician(s) and translated into an ICD-10 code by a trained 
clinical coder. This promotes consistency and allows national and international comparisons. 
The main unit of recording is the Finished Consultant Episode (FCE). An FCE represents a period of time 
during which an admitted patient is under the care of a consultant or allied health professional within an 
NHS trust. However, as a patient may, for example, transfer from one consultant to another during the 
course of their admission, a single stay (or ‘spell’) covers the total length of stay for a patient within one 
hospital, which in this example would represent two FCEs during the one spell. If a patient is then 
transferred to a different hospital during their inpatient stay, then the admission is linked into a single 
‘superspell’. 
HES data are presented in financial years from 1st April to 31st March. Since 1995, diagnoses have been 
recorded using the World Health Organization’s International Classification of Diseases version 10 (ICD-
10). ICD-10 codes are formed from a single letter followed by 3 or more digits. The primary diagnosis for 
an admission is defined as the main condition or investigation during the episode. In addition to the 
primary diagnosis field, there are currently up to 20 diagnostic fields. There were fourteen fields prior to 
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April 2007 and seven prior to April 2002. These additional fields describe complications and co-morbid 
diagnoses. If a definitive primary diagnosis is not possible, a code demonstrating the main symptom or 
abnormal findings may be used instead. As symptoms and signs can encompass a wide spectrum of 
diagnoses, for the purposes of this thesis, only the diagnostic ICD-10 codes are used; however, this may 
lead to an under-estimation of the burden of the relevant respiratory tract infections. I focussed on the 
primary diagnosis, as it is the field which reflects the primary reason for admission. Furthermore, for 
infectious diseases, it is more likely to reflect community acquired infection as opposed to hospital 
acquired infection. Other studies have similarly chosen the primary field using hospital data.164 167 
However, one limitation of using this field is that it does not account for clinicians’ varying recording 
practices if they record the main diagnosis in a secondary field. The diagnoses and code lists for the 
individual studies included in this thesis, were prepared and presented to other clinicians including GPs 
and a consultant paediatrician for agreement. 
Procedures and interventions are recorded using the Office of Population, Censuses and Surveys: 
Classification of Interventions and Procedures, 4th revision (OPCS-4). There are over 6000 OPCS-4 codes. 
The main and most resource-intensive procedure or intervention is recorded first, followed by other 
procedures and interventions.  
4.1.2 Exposures and outcome measures 
HES has a number of outcome measures that are easily accessible or derivable. These include re-
admission, length of stay (LOS) and in-patient mortality; this thesis uses LOS, which represents the 
number of nights a patient is in hospital during the primary admission. A patient who is admitted and 
discharged on the same day has a LOS of zero days, while a patient who is admitted on one day and 
discharged on the subsequent day has a LOS of one day. 
4.1.3 Strengths and weaknesses of HES 
HES data cover all NHS hospital activity in England, it is used extensively for research and is ideal for 
studying disease trends. The strengths and weaknesses of HES are summarised in Table 2.  
Potential weaknesses include the accuracy and quality of HES. The accuracy of HES depends on the 
clinical diagnoses recorded in patients’ medical records, how it is recorded by clinicians and then 
subsequently collated and entered by administrative staff; there are regular checks on the accuracy and 
quality of the data. Coding accuracy for HES data is variable. A review by Campbell et al. in 2001 found a 
median accuracy of coding of 91% for diagnostic codes and 69.5% for procedural codes.168 Since then, 
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the accuracy of diagnostic coding has considerably improved. This may relate to the introduction of pro 
rata financial reimbursement for clinical activity. The Payment by Results (PbR scheme) is an initiative 
that was introduced directing healthcare funding based on information extracted from coding data. In 
2008/9, the NHS operating system framework called for NHS organisations to focus on accurate clinical 
coding to improve patient care.169 This strategy towards accurate coding levels was linked to financial 
reimbursement, which may have driven the improvement in coding accuracy.170 
A more recent systematic review of the accuracy of routinely collected data, which was published by 
Burns et al. in 2012, found improved coding levels within HES.170 The authors reported overall median 
accuracy was 83.2% (IQR 67.3%-92.1%), with a median diagnostic accuracy of 80.3% (IQR: 63.3-94.1%) 
and a median procedure accuracy of 84.2% (IQR: 68.7-88.7%).170 They found substantial variations in 
accuracy rates between studies (50.5-97.8%). However, they concluded that the accuracy of diagnostic 
coding has improved substantially in recent years.  
Table 2: Strengths and weaknesses of the Hospital Episodes Statistics database 
Strengths of HES Weaknesses of HES 
 National database that covers all NHS 
hospital activity 
 Routinely collected, limiting 
information bias 
 Individual level records 
 Many years of data available 
 Demographic data 
 Captures all diseases and conditions 
 Data on operations and procedures 
 Relatively inexpensive to use 
 Coding may be inaccurate as 
performed by non-clinicians 
 Level of detail not scrutinised so 
important secondary diagnoses or 
co-morbidities may be excluded 
 Data quality concerns 
 Limited clinically relevant 
information may have been 
recorded, e.g. disease severity 
 Data not collected for a specific 
research question 
 Lack of private sector data  
4.1.4 Research governance and ethical approval for HES data 
Approval under Section 251 (formerly Section 60) granted by the National Information Governance 
Board for Health and Social Care (formerly the Patient Information Advisory Group) and approval from 
the South East Research Ethics Committee to hold and use HES data for research purposes. 
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4.1.5 Selection of dataset 
I selected HES as a dataset for the hospital-based studies because it captures all procedures and 
operations performed within NHS hospitals. Unlike other available data sources, such as locally collected 
ENT datasets, it contains all NHS hospital activity and is therefore more representative of the child 
population in England.  
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4.2 Clinical Practice Research Datalink (Studies 3 and 4) 
4.2.1 Overview of dataset 
The CPRD was originally created, in 1987, as the General Practice Research Database (GPRD) by the 
Value Added Medical Products (VAMP) Ltd software company.147 The Clinical Practice Research Datalink 
(CPRD), is the world’s largest electronic database of anonymised longitudinal medical records in a 
primary care setting.147 As of December 2013, the database contains records of over 13 million patients, 
of which approximately 5.5 million are currently active, derived from over 600 primary care practices in 
the UK. The data cover 8% of the UK population.147 It is used for research purposes by academic 
institutions, clinical organisations and pharmaceutical companies, and numerous observational research 
studies have been published which have analysed CPRD data.171-173 There have been over 900 research 
papers published in peer-reviewed journals using this database.147 
GPs that are under contract collect data and have detailed guidance on the information recorded for 
CPRD. However, the completeness of data may vary from practice to practice, as GPs primarily use the 
electronic records for managing patients, as opposed to recording information for CPRD purposes. There 
are unique patient identification numbers at an individual level and all data are linked in this way. The 
data are fully anonymised and there is no patient-identifiable information. Data provided by general 
practices are regularly reviewed for quality purposes and to determine if the CPRD criteria are being 
adhered to by contributing practices; the data are examined at practice and patient level. A data quality 
marker that is known as ‘up-to-standard’ is generated for each practice in which data quality criteria 
have been achieved.  
The clinical data within the dataset were previously coded with Read and Oxford Medical Information 
Systems (OXMIS) codes, from the the GPRD medical dictionary. However, in 1995, the Department of 
Health instructed Read codes to be used for electronic diagnostic classification in general practice. 
‘Read’ codes were developed by Dr James Read in 1982 and are based on the 9th version of the 
International Classification of Diseases (ICD) codes. Unlike OXMIS codes, Read codes follow a 
hierarchical structure, and there are approximately four times as many Read codes as there are OXMIS 
codes, which enables GPs to record more specific diagnoses. The data analysed in this thesis are from 
2001 onwards and thus only used Read codes. The CPRD provides lists of diagnostic codes (CPRD 
medical codes), which are mapped from Read codes. I have created case definitions with the associated 
CPRD medical codes to study acute throat infections (ATI) and tonsillectomy, as well as relevant 
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exposures (potential predicting and antecedent factors). These potential exposures were selected based 
on the existing literature of potential risk factors, expert opinion and the data available within the CPRD.  
4.2.2 Exposures and outcome measures 
Information available from the CPRD includes demographic data (sex, year of birth and practice 
location); clinical information (diagnoses, symptoms, medical history, procedures and operations); all 
prescriptions issued (for acute and chronic conditions); referrals to secondary care (including hospital 
specialty, urgency and nature of referral) and patient registration details.  
Historic registration details are used to generate the start and end dates of the longitudinal electronic 
recording for calculating person-time. The CPRD product dictionary encompasses drug substance names, 
including immunisations and antibiotics. 
4.2.3 Strengths and weaknesses of CPRD 
The CPRD has a number of strengths (Table 3); it is the world’s largest computerised database of 
longitudinal patient records in general practice.147 The age and sex distribution of the CPRD reflects that 
for England and Wales.174 175 176 Validation studies have shown that the quality and completeness of the 
CPRD are high and data quality for CPRD is regularly assessed at a practice and patient level.177 178 There 
are pre-determined quality assessment criteria, which must be met prior to inclusion on the CPRD 
database and must also be maintained to allow practices to continue to contribute data. Over 90% of all 
referrals and hospital discharge notes are recorded within the CPRD.179 
Potential limitations of using the CPRD general practice data include diagnostic misclassification      
(Table 3). Misclassification could be a problem for the infectious disease diagnoses as it is very difficult 
to differentiate between viral and bacterial aetiology, between acute tonsillitis and acute pharyngitis 
and between different URTIs.2 This could therefore lead to under- or over-estimations of diagnoses, 
depending on clinicians’ diagnostic and recording patterns. Linkage to A&E data and inpatient HES data 
could potentially reduce some of the misclassification as they would be independent data sources to 
validate ATI presentations and also for tonsillectomy operations with their respective dates. It could also 
help to validate the diagnostic codes used. Although the CPRD permits access to the ‘free text’ within a 
medical record entry, this was not available under our MRC licence for data extraction. Thus the data I 
analysed did not include any ‘free text’, only the diagnostic codes. GPs are only required to record 
‘significant morbidity events’ and ‘events resulting in a prescription’ and are not expected to enter 
diagnoses for minor consultations or to record follow-up consultations for chronic conditions, unless the 
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consultation results in a change in management or treatment. Therefore, there may be an 
underestimation of mild upper respiratory tract infections (URTI), including ATI. Although socio-
economic status at an individual level is now available from CPRD, it was not at the time of the MRC 
licence data extraction and I only had access to practice-level deprivation scores. Furthermore, there has 
been limited information on ethnicity until recently, and the prescriptions that are issued are not linked 
to diagnoses. Finally, the reported 10% missing data on referral and hospital discharge could lead to 
underestimations of tonsillectomy operations.179 
Table 3: Strengths and weaknesses of the Clinical Practice Research Datalink database 
Strengths of CPRD Weaknesses of CPRD 
 World’s largest computerised 
database of longitudinal patient 
records in general practice 
 Age and sex distribution within CPRD 
similar to UK population 
 Validation studies have shown 
quality and completeness of CPRD 
are high 
 Extensively used for research to date 
 Regular data quality checks 
 Up-to-standard quality markers 
 Longitudinal data generalisable to 
real-time patient encounters 
 Ethnicity data now available 
 Potential diagnostic misclassification 
 Data available at the time do not 
include individual-level deprivation 
data 
 10% missing referral and hospital 
discharge data 
 Prescriptions are not linked to 
consultations 
 Data not collected for a specific 
research question  
 Historically, poor ethnicity data  
 
4.2.4 Research governance and ethical approval for CPRD data 
I wrote and submitted a protocol outlining the study proposal that was approved by the Independent 
Scientific Advisory Committee (ISAC) for the MHRA, which reviews and approves all research proposals 
for the use of the CPRD. The data extract was free of charge under the previous Medical Research 
Council (MRC) licence scheme with the CPRD (which was known as the General Practice Research 
Database, GPRD, at the time).  
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4.2.5 Selection of dataset 
I selected CPRD as a dataset because it captures general practice consultations prospectively over many 
years, potentially from birth, in addition to co-morbid conditions and antibiotic prescriptions. Unlike 
other available data sources, such as locally collected general practice datasets, it covers 8% of the UK 
population and reflects families’ presentations and clinicians’ ongoing management in the child 
population in general practice.  
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4.3 Carstairs index of deprivation and the Index of Multiple Deprivation  
There are a number of different social deprivation indices that have been used for health measures, 
which include the Townsend score, the Jarman score, the Carstairs index and the Index of Multiple 
Deprivation (IMD) scores.180 181 Within this thesis, the Carstairs index of deprivation and the IMD scores 
are used, which are the two indices most commonly used for the two databases analysed, the HES 
database and the CPRD, respectively. 
The Carstairs index of deprivation is a ward-level deprivation score derived from a patient’s postcode 
within the HES dataset.181 The index score is based on four factors, which are derived from national 
census data, namely: social class, unemployment, over-crowding and car ownership. They are combined 
into an un-weighted score of the four variables. Patients can be divided into percentiles according to 
their Carstairs score, which provides a range and extremes of deprivation measure. The Carstairs index 
has been utilised for a number of studies that have investigated deprivation.182-184 
The IMD within the CPRD database uses practice postcode to assign a deprivation score to each patient, 
although patients attending the same practice may be from different socio-economic backgrounds. 
However, practice-derived deprivation indices are generally accepted as a reasonable proxy measure for 
patient deprivation and a number of studies have used practice-based IMD as a measure of 
deprivation.185 186 
4.4 Statistical concepts and considerations 
I used the Chi-squared (χ2) test in Study 1 to examine children who underwent tonsillectomy by age 
group and sex to detect whether the categorical group data significantly differed from each other. The 
Fisher’s exact test was used for Study 4 to compare the co-morbid diagnoses between the tonsillectomy 
and comparison groups within the CPRD cohort study, as the expected numbers were small. The Chi-
squared (χ2) test for linear trend was used to investigate a potential linear trend between age group at 
tonsillectomy and sex in Study 1. 
The t-test compares the means between two sets of continuous variables. The paired t-test can be used 
to analyse data collected from individual subjects measured at two different time points. In the case of 
this thesis, I compared the mean ATI consultations before and after surgery in the tonsillectomy and 
comparison groups (Study 4). The unpaired t-test compares independent variables. I used the unpaired 
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t-test to compare the mean ATI consultations, between those who underwent tonsillectomy with those 
who did not (Study 4).  
Standardisation is a method of removing, as much as possible, the effect of differences in age or other 
confounding variables when comparing two or more populations. There are two main methods – direct 
and indirect standardisation. Using direct standardisation to keep the age distribution fixed for purposes 
of analysis enables comparison of rates between different years. I used direct standardisation (Study 2), 
which involves averaging the specific rates in a study population using the distribution of a standard 
population as weights; this is often the preferred method, especially in epidemiological contexts. The 
directly standardised rate represents what the crude rate would have been in the study population if 
that population had the same distribution as the standard population with respect to the variable(s) for 
which the adjustment or standardisation was carried out. I chose direct standardisation as it uses 
population distribution rather than specific rates (indirect standardisation). The main weakness of 
indirect standardisation is the instability of the rates due to the small numbers involved.  
I used multiple logistic regression analysis in my CPRD cohort study (Study 4) to determine the effect of 
tonsillectomy (exposure) on the risk of higher or lower ATI consultation rates (outcome), while adjusting 
for the effects of potential confounders. The exposure variables were selected a priori based on the 
literature review and input from other clinicians, specifically general practitioners and a consultant 
paediatrician. There are different strategies for model selection for regression. Within this thesis, all 
variables that were considered potential confounding factors a priori were included in the logistic 
regression modelling, as the objective was to control for all known and measured potential confounders 
to obtain the most accurate and truly reflective adjusted odds ratios and not to quantify the relative 
contribution of individual risk factors. Effect modification can be tested within a logistic regression 
model by using likelihood ratio tests (LRT) to compare the model with and without interaction terms. A 
priori, I decided to test for an interaction between age and sex based on previous studies of 
tonsillectomy.90 Odds ratios (OR), associated 95% confidence intervals (CI) and P values were reported. 
Associated 95% CI were calculated for rates and mean differences. For tests of significance, a P value 
<0.05 was deemed statistically significant. Statistical analysis was carried out using STATA 11.1.  
4.5 Definitions used within this thesis 
For the purpose of my thesis, I have adopted a number of definitions. I use the term ‘tonsillectomy’ to 
represent tonsillectomy and adenotonsillectomy operations. Additionally, for hospital-based studies, 
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acute tonsillitis and acute pharyngitis are defined under the umbrella term ‘acute throat infection’ (ATI), 
as it can be difficult to clinically differentiate between these two conditions. For the primary care 
studies, the term ‘ATI’ is used to encompass acute tonsillitis, acute pharyngitis, sore throat signs and 
symptoms, in addition to non-specific URTI, to account for the varying documentation practices of 
different GPs in using diagnostic codes to record throat infections.  
The term sleep-disordered breathing (SDB) encompasses the full spectrum of sleep-disordered 
breathing syndromes, and includes milder symptoms such as snoring, as well as obstructive sleep 
apnoea (OSA) to capture the severe end of the spectrum.  
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4.6 Study 1: Socio-demographic profile of children undergoing tonsillectomy 
The approach described below was used to investigate Objective 1 concerning how the socio-
demographic profile of children undergoing tonsillectomy changed over a decade following increased 
awareness and diagnosis of SDB and national guidance for recurrent throat infections for tonsillectomy. 
Objective 1: To assess whether national guidance on tonsillectomy for recurrent tonsillitis and increased 
awareness and diagnosis of SDB have influenced the socio-demographic profile of children who have 
undergone tonsillectomy over a recent 10 year period. 
4.6.1 Study design and study population 
I conducted a retrospective time-trends analysis of children aged <16 years who underwent 
tonsillectomy between the financial years 2001/2 and 2011/12, in NHS hospitals in England, using data 
from the HES database.  
4.6.2 Case definitions 
Children who had tonsillectomy as their primary operation recorded in UK financial years 2001/2 (1st 
April 2001- 31st March 2002) and 2011/12 (1st April 2011-31st March 2012) were studied. The OPCS-4 
tonsillectomy codes (F34) selected were based on those included in a UK Department of Health report 
on ‘Trends in Children’s Surgery’.187 All tonsillectomy operations were performed alone or as part of an 
adenotonsillectomy. I identified children who had a ‘sleep apnoea’ ICD-10 code (G37.3) within any of the 
HES diagnostic fields during the index admission for tonsillectomy, which acted as a proxy measure for 
awareness and detection of SDB.  
4.6.3 Main outcomes 
I calculated total crude tonsillectomy rates and age group-specific rates, as well as tonsillectomy rates by 
age group and deprivation level.  
4.6.4 Statistical analysis 
I calculated crude tonsillectomy rates per 100,000 children by dividing the total number of tonsillectomy 
operations performed in English NHS hospitals in a given financial year by the resident English 
population denominators for each respective age group, using the mid-year child population estimates 
obtained from the Office of National Statistics (ONS).176 Hospital data were derived for UK financial 
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years (April to March) whereas the population estimates were for calendar years, giving a consistent 
overlapping period for all study years. 
Age-group specific tonsillectomy rates were calculated from 2001/2 to 2011/12. This highlighted the 
trend among different age groups for tonsillectomies performed in England over a decade. The age 
groups were: <4 years, 4-7 years, 8-11 years and 12-15 years. I selected these age groups as they 
represent equal age bands and a recent large pragmatic RCT in the UK used these age ranges, which 
enabled comparisons.90  
I also studied crude annual age group-specific tonsillectomy rates for children aged <4 years and 4-15 
years. As HES does not include the reason for surgery, these age categories are a proxy measure for the 
likely indication. SDB most commonly affects pre-school children, and this is the group in which the 
highest tonsillectomy rates are performed for this indication.82 108 Older children are more commonly 
operated on for recurrent throat infections, particularly as group A β-haemolytic streptococcus (GABHS) 
is most prevalent among children aged 5-15 years.21 Previous tonsillectomy studies for recurrent throat 
infections have also focused on children aged 4-15 years.90 I also investigated the distribution of 
tonsillectomies by sex.  
To investigate a potential two-way relationship between SDB and deprivation among young children 
who undergo tonsillectomy, I calculated the proportion of children with a SDB diagnosis among those 
aged <4 years who underwent tonsillectomy in 2001/2 and 2011/12; I also calculated the proportion of 
children aged <4 years who underwent the operation who lived in the most deprived areas (quintile 5) 
in both study years. Finally, I compared the proportion of children aged <4 years who underwent 
tonsillectomy with SDB who were also from the most deprived areas in both years. I used the χ2 test to 
compare the percentages for each of these proportions between the two study years to identify if they 
were significantly different from each other. These analyses were repeated for children aged 12-15 
years, which acted as a reference category. I hypothesised that there would not be a two-way 
relationship between SDB and deprivation for tonsillectomy in the older age group, or it would be less 
pronounced since older children are less likely to undergo the operation for SDB.  
I used the χ2 test to investigate the difference between the categorical groups. I decided, a priori, to test 
for a linear relationship between age at tonsillectomy and sex in 2001/2 and 2011/12 for boys and girls 
by using the χ2 test for linear trends between age group and sex. This was performed based on 
observations in Lock et al.’s study of children referred for tonsillectomy.90 That study similarly used the 
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χ2 test for linear trend to investigate age group at tonsillectomy and sex. Finally, I examined the 
deprivation level of children by age group who underwent tonsillectomy, at an area-level using the 
Carstairs index, which uses the patient’s residential postcode and is divided into population-weighted 
quintiles (with 1 representing the least deprived, and 5 the most deprived).181 I selected quintiles, as 
opposed to any other percentile, to enable comparisons with existing findings in the literature, which 
similarly used quintiles. 
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4.7 Study 2: Relationship between tonsillectomy and ATI admission trends  
The methodology described below was used to investigate Objective 2, to examine if declining 
tonsillectomy rates have been associated with an increase in admission rates for acute throat infections 
(ATI) and peritonsillar abscesses (PTA), of increased severity, over the last decade, as suggested by 
ENTUK in their position paper in 2009.6 
Objective 2: To examine if tonsillectomy rates are related to ATI and PTA admission rates and the 
severity of infection.  
4.7.1 Study design and study population 
I conducted a retrospective time-trends analysis of tonsillectomy rates and hospital admission rates for 
ATI and PTA among children aged <18 years between financial years 1999/2000 and 2009/10, using NHS 
hospital data from the HES database. 
4.7.2 Case definitions 
I studied emergency admissions for children aged <18 years where acute pharyngitis, acute tonsillitis or 
peritonsillar abscess (PTA) were recorded as the primary diagnosis between financial years 1999/2000 
(1st April 1999 – 31st March 2000) and 2009/10 (1st April 2009 – 31st March 2010). I grouped acute 
pharyngitis and acute tonsillitis codes into a single outcome category of ATI, as it is difficult to clinically 
differentiate between these diagnoses.2 Thus, ATI encompassed acute pharyngitis and acute tonsillitis 
codes. I investigated tonsillectomy rates using the OPCS-4 codes for the operation (F34). These included 
tonsillectomy operations alone, and also tonsillectomies performed as part of adenotonsillectomy 
operations. I also studied trends in all-cause emergency admissions and viral upper respiratory tract 
infections (URTI) to examine secular trends for comparison. 
The OPCS-4 and ICD-10 codes used are shown below. 
The OPCS-4 codes for tonsillectomy: 
F34.1  Excision of tonsil, Bilateral dissection tonsillectomy 
F34.2  Excision of tonsil, Bilateral guillotine tonsillectomy 
F34.3  Excision of tonsil, Bilateral laser tonsillectomy 
F34.4  Excision of tonsil, Bilateral excision of tonsil nec 
F34.5  Excision of tonsil, Excision of remnant of tonsil 
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F34.6  Excision of tonsil, Excision of lingual tonsil 
F34.7  Coblation tonsillectomy 
F34.8  Excision of tonsil, Other specified 
F34.9  Excision of tonsil, Unspecified 
The ICD 10 codes for ATI, PTA and viral URTI are shown below. 
Acute throat infections:  
J02.0  Streptococcal pharyngitis  
J02.8  Acute pharyngitis due to other specified organisms  
J02.9  Acute pharyngitis, unspecified  
J03.0  Streptococcal tonsillitis  
J03.8  Acute tonsillitis due to other specified organisms  
J03.9 Acute tonsillitis 
Peritonsillar abscess: 
J36  Peritonsillar abscess   
F36.3 Other operations on tonsil, Drainage of abscess of peritonsillar region  
 
Viral URTI: 
J00  Acute nasopharyngitis [common cold]    
J04  Acute laryngitis and tracheitis    
J05.0  Acute obstructive laryngitis [croup]    
4.7.3 Main outcomes  
I calculated age-standardised, age group-specific and age-sex specific admission rates for ATI, PTA and 
tonsillectomy rates. Age-standardised rates were also calculated for all-cause emergency admissions 
and viral URTI admissions.  
4.7.4 Statistical analysis 
I examined admission rates and tonsillectomy rates for boys and girls separately and in combination for 
children aged <18 years, using the following age categories: <1 year, 1-4 years, 5-9 years, 10-14 years 
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and 15-17 years. The wider age range was chosen since previous studies have shown that PTA affects 
older children more frequently than younger children.17 18 These age categories also reflect key 
developmental stages of childhood.  
Age-specific, age- and sex-specific and age-standardised hospital admission rates were calculated, by 
dividing the total number of admissions for the particular diagnosis or operation by the ONS mid-year 
English population estimates for the corresponding ages. I calculated rates and associated 95% 
confidence intervals (CI) using the Poisson distribution. For age-standardisation, the rates were directly 
standardised to the 2004 ONS age structure of the English population, to enable comparisons across all 
study years. All rates were calculated with associated 95% CIs. I calculated the median length of stay 
(LOS) for each admission, which acted as a proxy measure of illness severity. I also dichotomised LOS 
into <2 days and ≥2 days, to differentiate minor from more severe ATI, respectively.188 
I explored potential cohort effects by examining the long-term effect of tonsillectomy on subsequent 
admissions for ATI. Cohort effects (sometimes also referred to as “generation effects”) represent 
variation in the risk of a health outcome according to the year or period of birth, which frequently 
coincide with shifts in the population’s exposure to risk factors over time.189 Using the principle of 
cohort effects, enabled me to investigate children who were born during a given time period and 
therefore had a similar risk of exposure to background potential risk factors of that time period. These 
factors may have influenced their likelihood of developing a serious ATI, allowing me to investigate the 
long-term effect of tonsillectomy on subsequent admissions for ATI. I made an assumption that children 
who underwent tonsillectomy between 1999/2000 and 2005/6 were aged 1-4 years and between 
2003/4 and 2009/10 would have been 5-9 years, four years later. Furthermore, that children who 
underwent tonsillectomy between 1999/2000 and 2004/5 were aged 5-9 years and between 2004/5 and 
2009/10 would have been aged 10-14 years.  
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4.8 Study 3: ATI consultation patterns prior to tonsillectomy 
The methodology described below was used to investigate Objective 3 to examine if the children who 
are referred for tonsillectomy for recurrent acute throat infections (ATI) had a clearly documented 
history of frequent ATI consultations prior to surgery. 
Objective 3: To investigate the prior documented ATI consultation frequency of children in general 
practice who underwent tonsillectomy. 
4.8.1 Study design and study population 
I undertook a case series analysis of children aged 4-15 years with a record of tonsillectomy in calendar 
year 2007 to investigate their documented ATI consultation frequencies prior to surgery, using general 
practice data from the CPRD. 
4.8.2 Case definitions 
I analysed data for children aged 4-15 years with a record of tonsillectomy between 1st January and 31st 
December 2007. All patient records in the dataset were from ‘up-to-standard’ practices, which mean the 
data were deemed of good quality for research purposes. The dataset was created using a scientific 
workflow infrastructure.190 Workflow infrastructures have been developed to help overcome the 
challenges that large databases can pose.190 Scientific workflows enable the recording of steps 
undertaken to clean the dataset, code variables and help select variables that form part of the final 
dataset to be analysed.  
The dataset did not contain any ‘free text’ and did not have linkage to hospital records, so the selection 
of children who underwent tonsillectomy was based solely on the CPRD medical codes recorded in the 
patients’ general practice electronic notes.  
I selected the following CPRD medical codes to identify children who underwent tonsillectomy: 
205686 Tonsillectomy planned 
286516 Tonsillectomy 
295680 Tonsillectomy and adenoidectomy 
345497 Tonsillectomy 
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I used a broad list of CPRD medical codes to define throat infection consultations to include sore throat 
symptoms and signs, as well as tonsillitis and pharyngitis, to attempt to capture and include all throat 
infection consultations. I based the codes on Petersen el al.’s cohort study which used CPRD data, but 
expanded the list of codes to be more inclusive to capture more consultations.56 Recurrent acute 
tonsillitis was examined separately, as there are no clear or universal criteria, and different clinicians 
may have different thresholds for defining this diagnosis. 
Throat infection CPRD medical code diagnoses:  
207160 Tonsillitis  
216106 Acute bacterial tonsillitis  
225212 Acute staphylococcal tonsillitis 
234334 Acute ulcerative tonsillitis  
243341 Acute erythematous Tonsillitis  
243342 Acute follicular tonsillitis  
243343 Acute pneumococcal tonsillitis   
251298 Streptococcal tonsillitis     
252480 Acute catarrhal tonsillitis     
280047 Throat infection - tonsillitis   
280048 Acute bacterial tonsillitis   
289161 Acute tonsillitis NOS     
298432 Acute tonsillitis      
298433 Acute viral tonsillitis     
335971 O/E - exudate on tonsils     
307976 Acute tonsillitis     
234335 Recurrent acute tonsillitis 
225209 Acute ulcerative pharyngitis   
225210 Acute staphylococcal pharyngitis 
225211 Acute bacterial pharyngitis NOS 
233085 Streptococcal pharyngitis   
243340 Acute gangrenous pharyngitis   
252476 Acute pharyngitis     
252478 Acute pneumococcal pharyngitis 
252479 Acute pharyngitis NOS   
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261707 Acute viral pharyngitis   
270993 Acute nasopharyngitis   
280045 Throat infection - pharyngitis     
280046 Acute bacterial pharyngitis   
289160 Acute phlegmonous pharyngitis 
203376 Sore throat symptom   
203377 Sore throat symptom NOS 
212357 [D]Throat pain   
251297 Streptococcal sore throat 
252477 Sore throat NOS   
253931 Throat pain   
257912 Throat soreness   
267130 Pain in throat   
276228 Has a sore throat   
260505 Streptococcal sore throat NOS 
270998 Viral sore throat NOS   
My previous study showed that there was a low yield of prior throat infections identified based on the 
above medical diagnostic codes; GPs may record a throat infection as an ‘upper respiratory tract 
infection’ (URTI).139 Additionally, other studies on tonsillectomy and throat infections have included 
URTI in their case definitions.119 127 Therefore, I also analysed non-specific URTI codes in addition to the 
above throat infection diagnostic codes as part of a sensitivity analysis.  
URTI CPRD medical codes: 
234363 Upper respiratory tract disease NOS  
243347 Acute upper respiratory tract infection  
243348 Upper respiratory tract infection NOS  
271004 Other acute upper respiratory infections  
271006 Viral upper respiratory tract infection NOS 
289163 Upper respiratory infection NOS  
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In summary, for Study 3, a throat infection was defined as a consultation for tonsillitis, pharyngitis or a 
sore throat sign or symptom. An ATI consultation was defined as a consultation for a throat infection or 
a non-specific URTI consultation (Figure 3).  
Figure 3: Definitions used for acute throat infection documentation prior to tonsillectomy  
 
The date of tonsillectomy was defined as the earliest (incident) record of tonsillectomy in the electronic 
notes, as this represents the closest time point to the GP’s decision to refer a child for surgery. Only 
children with at least 1-year prior registration to the index date were studied as this is the minimum 
prior history on which referral for tonsillectomy for recurrent throat infections could be based.26  
The following age groups were studied: 4–7, 8–11 and 12–15 years. This represents equal age bands and 
it excludes children aged <4 years who are more likely to undergo tonsillectomy for the SDB spectrum. 
In a further attempt to exclude those with SDB, I excluded children with a prior or subsequent record of 
SDB using the following diagnoses: snoring, hypertrophied tonsils, polysomnography, sleep apnoea or 
obstructive sleep apnoea (OSA). 
National guidelines state that tonsillectomy should only be performed for severe infection. Therefore, I 
made the assumption that severe throat infections are likely to result in a general practice consultation 
for potential consideration of an antibiotic prescription. 
Recurrent throat infections ATI Diagnosis 
Throat infections 
Tonsillitis or pharyngitis 
Signs and symptoms of throat 
infections 
Non-specific URTI 
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4.8.3 Main outcomes 
I calculated median and interquartile ranges for throat infections and URTI consultations during the 1-
year prior to tonsillectomy, as well as the percentage of children who fulfilled the SIGN 1999 criteria for 
minimum frequency of throat infections during the 1-year prior to surgery. 
4.8.4 Statistical analysis 
I calculated the prior frequency of documented throat infection (for tonsillitis, pharyngitis or a sore 
throat sign or symptom) consultations for children, the total range, interquartile range and median 
number of throat infection consultations during the year preceding the first record of tonsillectomy, by 
age group. The consultation rate was calculated by dividing the total number of throat infection 
consultations during the preceding year for the children in the relevant age group by this 1-year time 
period. I also examined the number of children with a record of recurrent acute tonsillitis in any of the 3 
years prior to tonsillectomy, to reflect ongoing recurrent throat infections, in keeping with the Paradise 
criteria. Finally, I calculated the number and percentage of children who fulfilled the SIGN 1999 criteria 
of ≥5 throat infection consultations in the preceding year.26 I examined children who had either 
recurrent acute tonsillitis or ≥5 throat infection consultations in the preceding year separately in the 
analysis, so that there was no overlap in children who had both recurrent tonsillitis and ≥5 throat 
infection consultations, so that they were not counted twice. I performed a sensitivity analysis, using 
throat infection diagnostic codes, before and after inclusion of the non-specific URTI diagnostic codes. 
For the general practice studies, an ATI consultation represented any consultation for throat infection 
(tonsillitis, pharyngitis or sore throat sign or symptom) or a non-specific URTI.  
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4.9 Study 4: Impact of tonsillectomy on ATI consultations  
The approach described below outlines the methodology used to investigate Objective 4 to evaluate the 
longer-term clinical impact of tonsillectomy for children with mild ATI disease in general practice. 
Objective 4: To evaluate the longer-term clinical impact of tonsillectomy on children with low baseline 
ATI consultation rates in general practice.  
4.9.1 Study design and study population 
I conducted a cohort study of children aged 4-15 years using data from the CPRD, who either had a 
record of tonsillectomy or adenotonsillectomy (tonsillectomy group) between 1st January 2001 and 31st 
December 2001 or a record of a throat infection consultation (comparison group) between these dates, 
which represented the index date. The study period spanned nine years in total, comprising three years 
prior to the index date (baseline) and six years subsequent to the index date (Figure 4). I compared 
consultation rates three years prior to surgery with that at three years’ follow-up and six years’ follow-
up to enable the comparison of equal study periods. A three-year baseline period for ATI consultations 
was also chosen to account for variation in ATI consultation history, to ensure that the ATI consultation 
rate was consistently low during the period prior to the index date. A fair comparison with the first 
three-year and subsequent three-year follow-up periods was made with the three-year baseline period. 
Figure 4: Cohort study design showing time-frames studied 
 
Koshy et al., BMJ Open. 2015 Feb 3;5(2) 
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4.9.2 Case definitions 
Children aged 4-15 years with ≥3 years’ registration prior to the index date were identified to account 
for prior ATI history. As the focus of this study was on children with low baseline ATI (with a mild 
severity spectrum), only children with ≤3 ATI consultations during the baseline period (1998-2001) were 
included in the study population; therefore, children with ≥4 ATI consultations were excluded. The same 
diagnostic codes for ATI were used as in Study 3, which included sore throat symptoms and signs, acute 
tonsillitis, acute pharyngitis and also the non-specific URTI codes, which GPs may have used to record an 
ATI consultation.  
I excluded children with a history of tonsillectomy or who subsequently underwent tonsillectomy from 
the comparison group (Figure 5). Children with a history of snoring, hypertrophied tonsils, sleep apnoea 
or obstructive sleep apnoea (OSA) were also excluded from both groups, as this is a different indication 
for tonsillectomy and the focus of this study was to examine the effect of tonsillectomy on ATI, and not 
the SDB spectrum. Thus, I restricted the study population to children with ≤3 ATI consultations at 
baseline for both groups which represents the mild end of the ATI consultation spectrum. 
I examined a number of exposures in both groups, including age, sex, antibiotic history and previous ATI 
consultations at baseline. I also examined a number of co-morbid conditions, potentially associated with 
increased risk of URTI, including ATI, and tonsillectomy: asthma, immuno-deficiency, diabetes mellitus, 
Down’s syndrome, cardiac disease and congenital heart defects, as well as previous inhaled 
corticosteroid use.98 191 Practice-level deprivation, based on the location of the general practice, was 
examined using ‘Index of Multiple Deprivation’ (IMD) scores.  
The period of follow-up for subsequent consultations was from the index date, which was the date of 
the first tonsillectomy record or ATI consultation in 2001, to the date of censoring (the latest CPRD data 
collection, end of the study period of six years post-index date, a patient’s transfer out of the practice or 
a patient’s death, whichever came first). 
4.9.3 Main outcomes 
The primary outcome was the mean ATI consultation rate per child compared over three time-frames 
across the nine year study period (1998-2007): three years prior to the index date (1998-2001), which is 
used as a baseline comparator in the main analyses, 1-3 years post-index date (2002-2004) and 4-6 
years post-index date (2005-2007) (Figure 4). The secondary outcome was having ≥3 versus <3 ATI 
consultations at the same follow-up time points.  
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4.9.4 Statistical analysis 
I used Fisher’s exact test to investigate the differences in the baseline categorical characteristics of 
children in both study groups and the unpaired t-test to compare continuous variables. The mean ATI 
consultation rates per child with 95% CI for both groups were calculated at: baseline (1998-2001), 1-3 
years post-index date (2002-2004) and 4-6 years post-index date (2005-2007), in those with sufficient 
follow-up. A paired t-test was used to compare the mean differences within each group, followed by an 
unpaired t-test to compare the mean differences between the two groups. A 2-sided P value of <0.05 
was considered to be statistically significant.  
Finally, I used logistic regression to investigate the outcomes of: ≥3 versus <3 ATI consultations, in 2002-
2004 and 2005-2007 compared with the baseline in 1998-2001, after adjusting for potential 
confounders. These binary cut-offs in ATI consultation frequencies were selected to approximate to at 
least one ATI consultation per year post-index date in both time periods. Crude odds ratios (OR) were 
calculated, followed by adjusted OR, after controlling for all of the following potential confounders: age, 
sex, the co-morbid conditions mentioned above including at least one prior corticosteroid inhaler 
prescription, prior ATI consultations, prior antibiotics, practice-level deprivation and clustering of 
general practices. I also tested for an interaction between age and sex for tonsillectomy a priori based 
on the observations from previous studies using the LRT.90 192 
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Figure 5: Flow diagram of cohort construction 
 
Koshy et al., BMJ Open. 2015 Feb 3;5(2) 
ATI – acute throat infections 
SDB – sleep-disordered breathing 
4.10 Summary of Chapter 
This chapter has provided an overview of the datasets I analysed to answer the research questions 
posed in this thesis. Specifically, I have highlighted the information contained within the Hospital 
Episodes Statistics and the Clinical Practice Research Datalink databases and the key strengths and 
limitations for each. Subsequently, I have outlined the methodology used for each of the four individual 
studies within this thesis. 
  
Children aged 4-15 years in 2001 and ≤3 ATI consultations 
in preceding 3 years 
Tonsillectomy in 2001 
n=483 
Exclude records of 
SDB (33) 
Tonsillectomy Group 
n=450 
Throat infection consultation 
in 2001  
n=13,552 
Exclude records of 
tonsillectomy (29) 
and SDB (81) 
Comparison Group 
n=13,442 
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Chapter 5 Results 
In this chapter, I present the findings for each of the four individual studies. For each study, I restate the 
specific study objective and present a list of the key findings pertaining to each study to summarise the 
results and for ease of reference. 
5.1 Study 1: Socio-demographic profile of children undergoing tonsillectomy  
In this section I describe the socio-demographic profile of children who underwent tonsillectomy at NHS 
hospitals in England between 2001/2 and 2011/12. Specifically, the trends in tonsillectomy rates by age 
group are highlighted and the distribution by sex. The distribution of children who underwent 
tonsillectomy by deprivation level is also described.  
Objective 1: To assess whether national guidance on tonsillectomy for recurrent tonsillitis and increased 
awareness and diagnosis of sleep-disordered breathing (SDB) have influenced the socio-demographic 
profile of children who have undergone tonsillectomy over a recent 10 year period. 
5.1.1 Study population and overall tonsillectomy rates 
The total number of tonsillectomies performed at NHS hospitals in England among children aged <16 
years was 29,697 in 2001/2, and this figure declined to 27,732 in 2011/12. The overall corresponding 
tonsillectomy rates among children aged <16 years were 300 (95% CI: 296-303) per 100,000 children in 
2001/2 and 277 (95% CI: 273-280) per 100,000 children in 2011/12. There was almost a linear decline in 
tonsillectomy rates among children aged 4-15 years between 2002/3 and 2011/12 and, conversely, an 
approximate linear increase among children aged <4 years over the study period (Figure 6).  
There was 100% completeness for the age and sex variables and >99% for deprivation level within the 
data extract. 
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Figure 6: Annual tonsillectomy rates by age group (<4 years and 4-15 years), 2001/2 to 2011/12 
 
Koshy et al., PLoS One. 2014 Aug 11;9(8) 
5.1.2 Age and sex distribution of children that underwent tonsillectomy during study period 
Over the 10 year study period, the median age at tonsillectomy declined from 7 years (IQR: 5-11) to 5 
years (IQR: 4-9). In 2001/2, children aged <4 years represented 11% (3132/29697) of all tonsillectomy 
operations, and in 2011/12 this doubled to 21% (5720/27732). Girls represented 53% (15765/29697) of 
all children who underwent tonsillectomy in 2001/2 and 50% (13809/27732) in 2011/12 (Tables 4 and 
5). 
A linear relationship was observed between sex and age group at tonsillectomy in both 2001/2 and 
2011/12 for girls using the χ2 test for linear trend (Tables 4 and 5). A corresponding inverse linear 
relationship between these two variables was similarly noted for boys in each of the study years (Tables 
4 and 5). Boys were less likely to undergo tonsillectomy with increasing age in both years, while girls 
were increasingly likely to undergo surgery with increasing age in both these study years. 
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Table 4: Children who underwent tonsillectomy by age group and sex, 2001/2 (N= 29,697) 
Sex 
Age (years) Total P value* 
<4 4 to 7 8 to 11 12 to 15     
Boys (n) 2015 7578 2506 1833 13932   
% 64 54 39 30 47   
Girls (n) 1117 6435 3953 4260 15765 P<0.001 
% 36 46 61 70 53   
Total (n) 3132 14013 6459 6093 29697   
% 100 100 100 100 100   
Koshy et al., PLoS One. 2014 Aug 11;9(8) 
 *χ
2 
test for linear trend  
Table 5: Children who underwent tonsillectomy by age group and sex, 2011/12 (N=27,732) 
Sex 
Age (years) Total P value* 
<4 4 to 7 8 to 11 12 to 15     
Boys (n) 3600 7322 1837 1164 13923   
  
P<0.001 
  
  
  
% 63 55 40 28 50 
Girls (n) 2120 6029 2722 2938 13809 
% 37 45 60 72 50 
Total (n) 5720 13351 4559 4102 27732 
% 100 100 100 100 100 
                                    Koshy et al., PLoS One. 2014 Aug 11;9(8) 
 *χ2 test for linear trend  
5.1.3 Tonsillectomy rates among young children (aged <4 years) 
Among children aged <4 years, tonsillectomy rates increased by 58% from 135 (95% CI: 131-140) to 213 
(95% CI: 208-219) per 100,000 between 2001/2 and 2011/12, respectively (Table 6, Figure 6). Children 
aged <4 years who underwent the operation were 1.5 times more likely to live in the most deprived 
areas compared with the least deprived areas in 2001/2 and 1.6 times more likely in 2011/12 (Table 7 
and Table 8). Additionally, children aged <4 years who underwent surgery from the most deprived areas 
increased from 35 (95% CI: 32-37) to 55 (95% CI: 53-58) per 100,000 children between 2001/2 and 
2011/12, respectively. This represents the largest absolute increase in operation rate than any other age 
group or deprivation level.  
SDB diagnoses doubled (from 18.4 to 39.0%, P<0.001) between 2001/2 and 2011/12 among children 
aged <4 years who underwent tonsillectomy (Table 9). The percentage of children who underwent 
surgery from the most deprived areas also increased over the study period. The proportion of children 
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who underwent tonsillectomy with SDB from the most deprived areas also doubled (from 5.1 to 11.8%, 
P<0.001) between these study years (Table 9).  
Table 6: Tonsillectomy rates by age group, 2001/2 and 2011/12 
Age 
group 
(years) 
Tonsillectomy rates 
per 100,000 children 
2001/2 (95% CI) 
Tonsillectomy rates 
per 100,000 children 
2011/12 (95% CI) 
Rate ratio (95% CI) 
<4 135 (131 to 140) 213 (208 to 219) 1.58 (1.51-1.65) 
4 to 7 571 (561 to 580) 536 (527 to 545) 0.94 (0.92-0.96) 
8 to 11 249 (243 to 255) 196 (190 to 201) 0.79 (0.76-0.82) 
12 to 15 238 (232 to 245) 162 (157 to 167) 0.68 (0.65-0.71) 
Koshy et al., PLoS One. 2014 Aug 11;9(8) 
Table 7: Distribution of deprivation level among children who underwent tonsillectomy, 2001/2 (N=29,653)* 
Age group  Carstairs deprivation level (quintiles) 
1 2 3 4 5 
(least 
deprived) 
   (most 
deprived) 
  
n 
 
Tonsillectomy rates per 100,000 children (95% CI) 
 
<4 years 3127 24 22 25 30 35 
(22-26) (20-24) (23-27) (28-32) (32-37) 
4-7 years 13991 72 84 100 138 177 
(69-76) (81-88) (96-104) (133-142) (172-182) 
8-11 years 6449 33 36 46 59 74 
(31-36) (34-38) (44-49) (56-62) (71-78) 
12-15 years 6086 31 39 45 56 66 
(29-34) (37-42) (43-48) (53-59) (63-70) 
All ages 
<16 years 
29653 40 46 54 71 88 
(39-42) (44-47) (53-56) (69-73) (87-90) 
Koshy et al., PLoS One. 2014 Aug 11;9(8) 
*Deprivation data >99% complete 
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Table 8: Distribution of deprivation level among children who underwent tonsillectomy,2011/12 (N=27,610)* 
Age group  Carstairs deprivation level (quintiles) 
1 2 3 4 5 
(least 
deprived) 
   (most 
deprived) 
 n Tonsillectomy rates per 100,000 children (95% CI) 
<4 years 5674 35 35 42 45 55 
(32-37) (33-38) (39-44) (42-47) (53-58) 
4-7 years 13296 77 82 96 119 159 
(74-81) (79-86) (92-100) (115-124) (154-164) 
8-11 years 4545 30 32 36 42 55 
(28-33) (30-34) (33-38) (39-45) (52-58) 
12-15 years 4095 26 27 30 37 41 
(24-28) (25-30) (28-33) (35-40) (38-43) 
All ages 
<16 years 
27610 42 44 51 61 77 
(41-43) (43-46) (50-52) (59-62) (76-79) 
Koshy et al., PLoS One. 2014 Aug 11;9(8) 
*Deprivation data >99% complete 
 
 
 
Table 9: Sleep-disordered breathing and deprivation level among children who underwent tonsillectomy 
(aged <4 years) 
  
Children aged <4 years who underwent tonsillectomy 
SDB diagnoses 
Living in most 
deprived areas 
SDB AND living in most 
deprived areas 
Year n % P value* n % P value* n % P value* 
2001/2 
(n=3127) 
 
575 18.4 
P<0.001 
805 25.7 
P=0.635 
161 5.1 
P<0.001 
  
2011/12 
 (n=5674)  
  
2213 39.0 1487 26.2 670 11.8 
        Koshy et al., PLoS One. 2014 Aug 11;9(8) 
*χ2 test 
 
SDB – sleep-disordered breathing 
Deprivation data >99% complete 
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5.1.4 Tonsillectomy rates among older children (aged 4-15 years) 
Tonsillectomy rates among children aged 4-15 years decreased by 14% from 350 (95% CI: 346-354) to 
300 (95% CI: 296-303) per 100,000 children in 2001/2 and 2011/12, respectively. In this older age group, 
the largest relative and absolute reductions in tonsillectomy rates over the decade were seen among 
children aged 12-15 years (Table 6).  
The ratio of children in this age group who underwent surgery from the most deprived areas compared 
with the least deprived areas decreased between 2001/2 and 2011/12, and this was most pronounced 
among children aged 12-15 years (Table 7 and Table 8). For children aged 4-7 years, 8-11 years and 12-
15 years, the ratios of children from the most deprived areas compared with the least deprived areas in 
2001/2 were 2.5, 2.2 and 2.1, respectively. For 2011/12, these respective ratios for children aged 4-7 
years, 8-11 years and 12-15 years were 2.1, 1.8 and 1.6. 
Among children aged 12-15 years who underwent tonsillectomy, SDB diagnoses increased from 0.7 to 
4.5% (P<0.001) but these percentages were markedly lower in both years compared with children aged 
<4 years (Table 10). The proportion of children who underwent the operation from the most deprived 
areas decreased in the older age group. Finally, children aged 12-15 years who had tonsillectomy with 
SDB from the most deprived areas increased, but the percentages were very low in both years (Table 
10). 
Table 10: Sleep-disordered breathing and deprivation level among children who underwent tonsillectomy 
(aged 12-15 years) 
  
Children aged 12-15 years who underwent tonsillectomy 
SDB diagnoses 
Living in most 
deprived areas 
SDB and living in most 
deprived areas 
Year n % P value* n % P value* n % P value* 
2001/2 
(n=6086) 
42 0.7 
P<0.001 
1694 27.8 
P<0.01 
13 0.2 
P<0.001 
2011/12 
 
(n=4095) 
183 4.5 1030 25.2 76 1.9 
        Koshy et al., PLoS One. 2014 Aug 11;9(8) 
* χ
2
 test   
SDB – sleep-disordered breathing 
Deprivation data >99% complete 
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5.1.5 Key findings for Study 1 
 Over the decade, the median age at tonsillectomy declined from 7 years (IQR: 5-11) to 5 years 
(IQR: 4-9) 
 Overall tonsillectomy rates among children aged <16 years fell by 8% from 300 (95% CI: 296-303) 
per 100,000 children in 2001/2 to 277 (95% CI: 273 -280) per 100,000 children in 2011/12  
 Tonsillectomy rates among children aged <4 years increased by 58% from 135 (95% CI: 131-140) 
to 213 (95% CI: 208-219) per 100,000 between 2001/2 and 2011/12 
 SDB diagnoses among children aged <4 years who underwent tonsillectomy doubled from 18% to 
39% between 2001/2 and 2011/12, respectively 
 The proportion of children aged <4 years who underwent tonsillectomy with SDB and from the 
most deprived areas doubled from 5% to 12% over the decade 
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5.2 Study 2: Relationship between tonsillectomy and ATI admission trends  
In this section I describe the annual total, age group-specific and age-sex-group rates in tonsillectomy 
acute throat infections (ATI) and peritonsillar abscess (PTA) between 1999/2000 and 2009/10. By using 
length of stay as a proxy measure for severity, I also outline changes in the severity of throat infections 
over the decade.  
Objective 2: To examine if tonsillectomy rates are related to ATI and PTA admission rates and the 
severity of infection 
5.2.1 Study population 
ATI and PTA represented 193,973 hospital admissions among children aged <18 years between 
1999/2000 and 2009/10, representing 2% of all emergency admissions for children. Acute pharyngitis 
admissions represented 10% (18,640) of all ATI admissions over the study period.  
5.2.2 Acute throat infection admissions 
Age-standardised admission rates for ATI increased linearly by 76% between 1999/2000 and 2009/10 
from 107.3 (95% CI 105.3-109.2) to 188.4 (95% CI 185.9-191.0) admissions per 100,000 children, 
respectively (Table 11, Figure 7). The highest admission rates were among children aged 1-4 years, 
followed by those aged <1 year (Figure 8, Table 12). The largest absolute and relative increase in ATI 
admission rates were among children aged <1 year, followed by children aged 1-4 years. 
Boys had higher admission rates for ATI compared with girls in the <10 year age group, while girls had 
higher admission rates for ATI in the 10-17 year age group in each of the study years.  
  
 
9
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Table 11: Annual age-standardised admission rates for acute throat infection, peritonsillar abscess and tonsillectomy operations 
 
ACUTE THROAT INFECTION PERITONSILLAR ABSCESS TONSILLECTOMY 
Year 
Number of 
admissions 
Age standardised 
admission rate 
(95% CI) 
Number of 
admissions 
Age 
standardised 
admission rate 
(95% CI) 
Number of 
admissions 
 
Age standardised 
admission rate 
(95% CI) 
1999/2000 12283 107.3 (105.3 to 109.2) 1003   9.6 (9.0 to 10.2) 41777 367.4 (363.8 to 371.0) 
2000/1 13714 120.6 (118.5 to 122.6) 1013   9.6 (9.0 to 10.2) 31441 278.0 (274.9 to 281.1) 
2001/2 14296 126.9 (124.8 to 129.0) 939   8.7 (8.2 to 9.3) 32509 288.9 (285.7 to 292.0) 
2002/3 14367 128.8 (126.7 to 131.0) 969   8.9 (8.3 to 9.5) 36093 322.4 (319.0 to 325.7) 
2003/4 15227 137.5 (135.3 to 139.7) 988   9.0 (8.4 to 9.6) 35097 315.4 (312.1 to 318.7) 
2004/5 15783 142.7 (140.5 to 144.9) 975   8.8 (8.3 to 9.4) 34351 310.6 (307.3 to 313.9) 
2005/6 17080 153.8 (151.5 to 156.2) 1023   9.2 (8.7 to 9.8) 34520 313.5 (310.2 to 316.8) 
2006/7 18146 162.0 (159.6 to 164.4) 1075   9.7 (9.1 to 10.3) 34360 313.7 (310.4 to 317.0) 
2007/8 19420 171.2 (168.8 to 173.7) 1029   9.3 (8.8 to 9.9) 33660 307.2 (304.0 to 310.5) 
2008/9 20652 178.8 (176.3 to 181.3) 987   9.0 (8.5 to 9.6) 32646 297.1 (293.9 to 300.3) 
2009/10 22071 188.4 (185.9 to 191.0) 933   8.7 (8.1 to 9.2) 32407 293.6 (290.4 to 296.8) 
Totals 183039   10934 
 
378861   
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
Admission rates per 100,000 children  
CI - confidence interval 
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Figure 7: Annual age-standardised admission rates for acute throat infection and tonsillectomy operations, 
1999/2000 to 2009/10 
 
 
Figure 8: Emergency admission rates for acute throat infection for boys and girls by age group, 1999/2000 to 
2009/10 
 
 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
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Table 12: Annual admission rates for boys and girls by age group for acute throat infection  
  Boys’ admission rates per 100,000 children 
Age groups (in years) 
Girls’ admission rates per 100,000 children 
Age groups (in years) 
Year <1 1 - 4 5 - 9 10 - 14 15-17 <1 1 - 4 5 - 9 10 - 14 15-17 
1999/2000 203 292 76 38 56 135 224 64 53 91 
2000/1 215 322 93 52 63 139 238 79 57 97 
2001/2 244 352 93 49 60 164 259 81 58 94 
2002/3 230 357 95 45 56 171 277 92 54 93 
2003/4 256 391 98 46 62 174 293 93 61 98 
2004/5 254 412 102 46 64 187 305 96 58 108 
2005/6 289 416 118 55 73 179 324 105 67 122 
2006/7 329 462 108 50 80 212 347 103 67 131 
2007/8 350 470 122 51 75 218 376 116 71 137 
2008/9 389 520 120 56 71 275 398 106 70 129 
2009/10 453 544 129 53 68 297 426 120 67 130 
% change 1999/2000 
to 2009/10 
+123 +86 +69 +39 +21 +121 +91 +88 +27 +44 
rate difference 
1999/2000 to 2009/10 
+250 +251 +53 +15 +12 +162 +202 +56 +14 +39 
95% CI 223 to278 236 to267 46 to 60 10 to 20 5 to 19 139 to186 188 to217 49 to 63 9 to 20 30 to 49 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
CI - confidence interval   
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5.2.3 PTA admissions 
In 1999/2000, the PTA admission rate was 9.6 (95% CI 9.0-10.2) per 100,000 children and in 2009/10 the 
rate was 8.7 (95% CI 8.1-9.2) (Table 11). The highest PTA rate was 9.7 (95% CI 9.1-10.3) in 2006/7, and 
the lowest rate was 8.7 (95% CI 8.1-9.2) per 100,000 children in both 2001/2 and 2009/10. Highest PTA 
admission rates were observed among children aged 15-17 years, followed by children aged 10-14 years 
(Table 13). PTA admission rates declined among children aged 10-17 years over the study period. Girls 
had higher PTA admission rates compared with boys among children aged 10-17 years. 
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Table 13:  Annual admission rates for boys and girls by age group for peritonsillar abscess 
 Boys’ admission rates per 100,000 children 
Age groups (in years) 
Girls’ admission rates per 100,000 children 
Age groups (in years)   
  <1 1 - 4 5 - 9 10 - 14 15-17 <1 1 - 4 5 - 9 10 - 14 15-17 
1999/2000 <0.05 0.9 1.8 6.0 31.2 0.7 0.5 2.0 11.7 40.5 
2000/1 0.3 0.9 2.9 5.0 27.9 0.7 0.9 2.2 12.6 41.5 
2001/2 <0.05 1.2 1.9 5.1 26.7 0.0 0.7 2.1 10.7 38.0 
2002/3 0.4 0.7 2.0 4.4 30.1 0.4 0.6 2.7 10.6 37.3 
2003/4 0.3 1.2 2.2 5.4 26.9 0.0 0.6 2.3 10.9 39.0 
2004/5 <0.05 0.9 2.2 7.1 27.5 0.0 0.4 2.5 11.0 33.8 
2005/6 0.3 1.0 2.4 5.8 31.5 0.3 0.4 2.5 9.4 38.4 
2006/7 0.3 0.7 2.3 6.5 33.1 0.3 0.8 2.8 11.2 38.2 
2007/8 <0.05 1.5 2.8 7.1 31.1 0.0 0.6 2.3 10.3 35.5 
2008/9 <0.05 1.1 3.0 4.7 27.9 0.0 1.2 2.6 9.3 40.1 
2009/10 <0.05 1.2 2.5 5.4 29.1 0.3 0.8 2.7 10.1 32.9 
% change 1999/2000 
to 2009/10 
  +30.8 +35.2 -9.8 -6.6 -55.5 +59.5 +33.3 -13.9 -18.7 
Rate difference 
1999/2000 to 2009/10 
 +0.3 +0.6 -0.6 -2.1 -0.4 +0.3 +0.7 -1.6 -7.6 
95% CI 
 
-0.5 to 1.1 -0.4 to 1.7 -2.3 to 1.1 -7.0 to 2.9 -1.5 to 0.8 -0.3 to 0.9 -0.4 to 1.8 -4.0 to 0.7 -13.1 to -2.0 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
CI - confidence interval 
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5.2.4 Tonsillectomy operations 
Age-standardised tonsillectomy rates declined by 24% from 367.4 (95% CI 363.8-371.0) per 100,000 
children in 1999/2000 to 278.0 (95% CI 274.9-281.1) in 2000/1 (Table 11), followed by an increase of 
16% to 322.4 (95% CI 319.0-325.7) per 100,000 in 2002/3. The rates then gradually declined to 293.6 
(95% CI 290.4-296.8) in 2009/10 (Figure 7). A total of 40% (152,470) of all tonsillectomies were 
performed in the 5-9 year age group, and this is also the age group which showed the greatest absolute 
reduction in tonsillectomy rate (Figure 9). My data show the modal age for children undergoing 
tonsillectomy was aged 5 years before 2005, and aged 4 years from 2005. Tonsillectomy rates were 
higher among girls aged 5-17 years compared with boys in the same age group, whereas rates were 
higher among boys aged <5 years compared with girls (Table 14). Tonsillectomy rates decreased among 
the 5-17 year age groups over the decade, whereas there was an increase for 1-4 year old girls and boys 
from 2001/2 onwards. 
Figure 9: Annual tonsillectomy rates for boys and girls by age group, 1999/2000 to 2009/10 
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Table 14: Annual admission rates for boys and girls by age group for tonsillectomy, 1999/2000 to 2009/10 
  
  
  
Boys’ admission rates per 100,000 children 
Age groups (in years) 
Girls’ admission rates per 100,000 children 
Age groups (in years) 
<1 1 - 4 5 - 9 10 - 14 15-17 <1 1 - 4 5 - 9 10 - 14 15-17 
1999/2000 2.6 430.5 532.3 183.5 121.0 0.3 311.5 603.0 408.4 462.1 
2000/1 2.0 355.9 379.0 141.6 98.5 1.4 234.7 437.6 306.2 374.8 
2001/2 1.8 342.7 431.7 148.3 104.2 0.0 233.4 453.3 314.4 378.9 
2002/3 1.4 403.5 470.6 157.5 107.5 0.4 263.1 510.1 359.8 415.3 
2003/4 1.0 412.3 470.6 145.5 93.2 0.7 288.2 494.8 340.2 386.6 
2004/5 3.3 428.7 440.5 151.5 93.6 0.3 283.1 486.2 333.8 377.5 
2005/6 1.6 451.0 451.7 149.0 83.7 0.3 313.6 479.7 330.6 361.9 
2006/7 2.2 442.9 444.2 147.8 96.8 1.0 305.1 481.7 323.7 392.0 
2007/8 1.5 467.4 417.7 142.5 93.6 0.6 328.1 459.5 301.0 388.3 
2008/9 1.2 487.8 409.4 127.9 88.6 0.3 321.0 427.4 287.5 369.7 
2009/10 2.4 463.0 397.5 131.6 83.5 0.9 317.9 430.3 297.3 359.6 
% change 1999/2000 
to 2009/10 
-10.7 +7.6 -25.3 -28.3 -31.0 +167.1 +2.0 -28.6 -27.2 -22.2 
Rate difference 
1999/2000 to 2009/10 
-0.3 +32.5 -134.8 -51.9 -37.5 +0.6 +6.3 -172.7 -111.2 -102.5 
95% CI -2.7 to 2.2 16.1 to 49.0 -150.0 to -119.7 -60.7 to -43.2 -46.6 to -28.4 -0.7 to 1.8 -7.8 to 20.5 -189.0 to -156.4 -124.5 to -98.0 -121.2 to-83.8 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
CI - confidence interval 
 97 
 
5.2.5 Length of hospital stay  
I studied the length of stay (LOS) in hospital as a proxy marker for severity of infection. The median LOS 
for ATI decreased from 1 day in 1999/2000 to 0 days (i.e. no overnight stay) in 2008/9. In line with this 
shift towards shorter duration of stay for ATI admissions, the age-standardised admission rates for ATI 
with a median LOS <2 days increased linearly by 114%, from 73 (95% CI 72-75) to 157 (95% CI 155-160) 
between 1999/2000 and 2009/10, respectively (Figure 10). By contrast, the corresponding rates for a 
median LOS >2 days decreased slightly between 1999/2000 and 2009/10 from 34 (95% CI 33-35) to 31 
(95% CI 30-32) per 100,000 children, respectively (Figure 10). The median LOS was 2 days for PTA and 1 
day for tonsillectomy during the entire study period. 
Figure 10: Annual admission rates for acute throat infection with short and long hospital stays, 1999/2000 to 
2009/10 
 
 
5.2.6 Possible cohort effects 
As outlined in Chapter 2, I investigated potential cohort effects between tonsillectomy operations and 
ATI admissions. Tonsillectomy rates decreased among children aged 1-4 years between 1999/2000 and 
2001/2, and four years later, 2003/4 to 2005/6, when the same cohort was aged 5-9 years; ATI 
admission rates among children aged 5-9 years increased (Figure 11). A similar relationship was 
observed among children aged 5-9 years who underwent tonsillectomy in these same study years, and 
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ATI admission rates among children aged 10-14 years five years later from 2004/5 to 2006/7 (Figure 12). 
Beyond these time points, the trends in tonsillectomy rates and subsequent ATI rates closely mirrored 
each other. 
Figure 11: Age group-specific tonsillectomy (1-4 years) and acute throat infection admission (5-9 years) rates by 
year 
 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8
 
*
Rate per 100,000 children 
Tonsillectomy rates (1-4 y) from 1999/2000 to 2005/6  
Acute throat infection rates (5-9 y) from 2003/4 to 2009/10 
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Figure 12: Age group-specific tonsillectomy (5-9 years) and acute throat infection admission (10-14 years) rates 
by year 
 
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8
 
*
Rate per 100,000 children 
Tonsillectomy rates (5-9 y) from 1999/2000 to 2004/5  
Acute throat infection rates (10-14 y) from 2004/5 to 2009/10 
5.2.7 All cause and viral upper respiratory tract infection hospital admissions  
I studied all-cause and viral URTI admission rates as markers of secular trends. Age-standardised all-
cause emergency admission rates linearly increased by 19% over the decade from 5828 (95% CI 5813 to 
5842) to 6941 (95% CI 6926 to 6957) between 1999/2000 and 2009/10, respectively. Age standardised 
viral URTI admission rates fluctuated over the study period and increased from 97 (95% CI 96 to 99) to 
110 (95% CI 108 to 112) between these same study years (Table 15)  
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Table 15: Annual admission rates for viral upper respiratory tract infections and all-cause emergencies  
 
 
VIRAL URTI 
ALL-CAUSE                      
EMERGENCIES 
 
Year 
Number of  
admissions 
Age standardised 
admission rate  
(95% CI) 
Number of  
admissions 
Age standardised 
admission rate 
(95% CI) 
1999/2000 11330 
97  
(96 to 99) 
655841 
5828  
(5813 to 5842) 
2000/1 9654 
84  
(82 to 86) 
653995 
5867  
(5853 to 5881) 
2001/2 12674 
113  
(111 to 115) 
671967 
6085  
(6070 to 6100) 
2002/3 9048 
82  
(80 to 83) 
660396 
6012  
(5998 to 6027) 
2003/4 12692 
115  
(113 to 117) 
684062 
6218  
(6203 to 6233) 
2004/5 8724 
79  
(77 to 81) 
701355 
6341  
(6326 to 6356) 
2005/6 13873 
124  
(122 to 126) 
740846 
6672  
(6657 to 6688) 
2006/7 9066 
80  
(78 to 82) 
756865 
6771  
(6756 to 6786) 
2007/8 13625 
117  
(115 to 119) 
750883 
6636  
(6620 to 6651) 
2008/9 9659 
81  
(79 to 83) 
786676 
6846  
(6831 to 6862) 
2009/10 13317 
110  
(108 to 112) 
800857 
6941  
(6926 to 6957) 
Totals 123662   7863743   
Koshy et al., Arch Dis Child. 2012 Dec;97(12):1064-8 
 
Hospital admission rates per 100,000 children  
CI – confidence interval 
URTI – upper respiratory tract infections 
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5.2.8 Key findings for Study 2 
 Age-standardised admission rates for ATI increased linearly by 76% between 1999/2000 and 
2009/10 from 107.3 (95% CI 105.3-109.2) to 188.4 (95% CI 185.9-191.0) admissions per 100,000 
children, respectively  
 Age-standardised tonsillectomy rates varied. They initially declined by 24% from                         
367 (95% CI 364 -371) per 100,000 children in 1999/2000 to 278 (95% CI 275 -281) in 2000/1. The 
rate then increased by 16% to 322 (95% CI 319-326) per 100,000 in 2002/3, and then gradually 
declined to 294 (95% CI 290-297) in 2009/10 
 PTA admission rates remained stable and were 9.6 (95% CI 9.0-10.2) per 100,000 children in 
1999/2000 and 8.7 (95% CI 8.1-9.2) per 100,000 in 2009/10 
 Median LOS for ATI decreased from 1 day in 1999/2000 to 0 days (i.e. no overnight stay) in 
2008/9, and the median LOS for PTA remained at 2 days during the study period 
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5.3 Study 3: ATI consultation patterns prior to tonsillectomy 
In this section, the findings of this case series are described. The study examines the documented ATI 
consultation history prior to tonsillectomy in a general practice setting.  
Objective 3: To investigate the prior documented ATI consultation frequency of children in general 
practice who underwent tonsillectomy. 
5.3.1 Study population 
There were 1184 children aged 4-15 years with a record of tonsillectomy in 2007. Of these, 40 children 
had been registered at the general practice for less than one year prior to this record, and 26 children 
had a record of SDB. Thus, after excluding these children, the study population comprised 1118 children 
aged 4-15 years with a record of tonsillectomy in 2007.  
5.3.2 Consultation patterns prior to tonsillectomy 
Among the 1118 children aged 4-15 years, the overall consultation frequency for at least one throat 
infection diagnosis or non-specific URTI prior to tonsillectomy was 22.0% (246/1118) (Table 16). The 
median number of prior consultations for children aged 4-15 years for each of the individual throat 
infection diagnoses (tonsillitis, pharyngitis or sore throat sign or symptom, Figure 3) and URTI 
consultations was 1, and the interquartile ranges (IQR) were: 1-2 for each of the throat infection 
diagnoses, except for pharyngitis, which had an IQR:1-1 (Table 16). Tonsillitis and a ‘sore throat 
symptom or sign’ diagnostic codes were recorded most frequently, and pharyngitis was the least 
common consultation recorded.  
The most common age group for tonsillectomy was 4-7 years. Higher interquartile ranges for any throat 
infection diagnostic code consultation were observed in this younger age group compared with the 
older age groups (Table 16). This age group also showed the highest percentage of non-specific URTI 
consultations 10.9% (52/479) compared with the older age groups. Pharyngitis was less commonly 
recorded as a consultation in this age group (1.3%) compared with the older age groups (3.4% and 2.9% 
for children aged 7-11 years and 12-15 years, respectively). 
5.3.3 SIGN 1999 guidelines criteria for ATI frequency prior to tonsillectomy 
Only 23 children (2.1%) had a record of recurrent acute tonsillitis in the 3 years prior to tonsillectomy 
(Table 17). In relation to SIGN 1999 criteria for documentation of throat infections, the percentage of 
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children aged 4-15 years who had recurrent acute tonsillitis or ≥5 throat infection diagnostic code 
consultations was 2.9% (32/1118), and 3.6% (40/1118) including non-specific URTI consultations.  
  
 
1
0
4 
Table 16: Documented consultation patterns for throat infections among children during 1 year prior to tonsillectomy 
 Children who underwent tonsillectomy by age group 
 
4-7 years  
(n=479) 
 
7-11 years 
 (n=327) 
 
12-15 years 
(n=312) 
All ages 
(n=1118) 
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Tonsillitis 37 7.7 1-10 1 1-2 26 8.0 1-6 1 1-2 33 10.6 1-4 1 1-2 96 8.6 1-10 1 1- 2 
Pharyngitis 6 1.3 1-2 1 1-2 11 3.4 1-4 1 1-1 9 2.9 1-2 1 1-1 26 2.3 1-4 1 1-1 
Sore throat sign or 
symptom 
41 8.6 1-8 1 1-1 37 11.3 1-3 1 1-2 26 8.3 1-7 1 1-1 104 9.3 1-8 1 1-2 
Any throat infection 
diagnostic code† (above) 
68 14.2 1-12 1 1-3 61 18.7 1-6 1 1-2 61 19.6 1-10 1 1-1 190 17.0 1-12 1 1-2 
URTI 52 10.9 1-4 1 1-2 21 6.4 1-2 1 1-2 18 5.8 1-3 1 1-1 91 8.1 1-4 1 1-2 
ATI 
Any throat infection 
diagnostic code† or URTI 
104 21.7 1-13 1 1-4 72 22.0 1-7 1 1-2 70 22.4 1-11 1 1-1 246 22.0 1-13 1 1-2 
*children with at least one throat infection or URTI consultation 
†Any throat infection diagnosis – tonsillitis, pharyngitis or sore throat sign or symptom 
URTI – upper respiratory tract infection (non-specific), ATI - acute throat infection, IQR – interquartile range 
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Table 17: Percentage of children who fulfilled the SIGN 1999 criteria for documented throat infection 
consultations prior to tonsillectomy 
Consultations 1 year 
prior to tonsillectomy 
record 
4-7 years 7-11 years 12-15 years All ages 
 n=479 % n=327 % n=312 % n=1118 % 
Recurrent acute 
tonsillitis 
6 1.3 8 2.4 9 2.9 23 2.1 
Any throat infection 
diagnosis† 
        
SIGN 1999 ≥5 throat 
infection 
consultations in 
previous year, 
excluding recurrent 
acute tonsillitis 
5 1.0 4 1.2 0 0.0 9 0.8 
≥5 throat infection 
diagnoses or 
recurrent acute 
tonsillitis 
11 2.3 12 3.7 9 2.9 32 2.9 
Any throat infection 
diagnosis† or URTI 
diagnoses (ATI) 
        
SIGN 1999 ≥5 throat 
infection diagnoses or 
URTI consultations 
(ATI) in previous year, 
excluding recurrent 
acute tonsillitis 
8 1.7 7 2.1 2 0.6 17 1.5 
≥5 throat infection 
diagnoses or URTI 
consultations (ATI) or 
recurrent acute 
tonsillitis 
14 2.9 15 4.6 11 3.5 40 3.6 
†
Any throat infection diagnosis – tonsillitis, pharyngitis or sore throat sign or symptom 
URTI – upper respiratory tract infection (non-specific) 
 ATI – acute throat infection (any throat infection diagnosis or non-specific URTI diagnosis)
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5.3.4 Key findings for Study 3: 
 Among the 1118 children aged 4-15 years, the overall consultation frequency for at least one 
throat infection diagnosis or non-specific URTI was 22.0% (246/1118) 
 The median number of consultations for each of the throat infection diagnoses and non-specific 
URTI consultations was 1.0 
 In relation to SIGN 1999 criteria for documentation of throat infections, the percentage of 
children aged 4-15 years who had recurrent acute tonsillitis or ≥5 throat infection diagnostic 
consultations was 2.9% (32/1118), and 3.6% (40/1118) including non-specific URTI consultations 
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5.4 Study 4: Impact of tonsillectomy on ATI consultations 
In this section I describe the findings of this primary care retrospective cohort study, which examines the 
longer-term impact of tonsillectomy for children with mild ATI disease in general practice. 
Objective 4: To evaluate the longer-term clinical impact of tonsillectomy on children with low baseline 
ATI consultation rates in general practice.  
5.4.1 Study population 
In the tonsillectomy group, there were 450 children with ≤3 ATI consultations at baseline in 2001 with at 
least a 3 year prior registration period. Among this tonsillectomy group, 92% (414/450) had 3 years’ 
follow-up and 80% (358/450) had 6 years’ follow-up post-index date. In the comparison group, there 
were 13,442 children with ≤3 ATI consultations and at least 3 years’ prior history. Among this group, 
90% (12053/13442) also had 3 years’ follow-up and 79% (10593/13442) had 6 years’ follow-up post-
index date. 
Among the tonsillectomy group, the operation was most commonly undertaken on children aged 4-7 
years 46% (209/450), and 53% (237/450) were performed on girls. None of the co-morbid conditions 
appeared to be associated with tonsillectomy (Table 18). 
5.4.2 Baseline characteristics 
Among children aged 4-15 years, those in the tonsillectomy group had higher mean ATI consultation 
rates (1.3 over 3 years) versus the comparison group (0.4 over 3 years) at baseline, 1998-2001 (Table 
18). There were also higher mean baseline antibiotic prescriptions in the tonsillectomy group (Table 18) 
5.4.3 Mean differences in ATI consultation rates  
For the tonsillectomy group, the mean 3-year ATI consultation rate decreased among children aged 4-15 
years from 1.31 to 0.66 (-0.65, 95% CI -0.78 to -0.51) between 1998-2001 and 2002-2004, and then to 
0.60 (-0.72, 95% CI -0.88 to -0.56) in 2005-2007 (Table 19). Conversely, in the comparison group, the 
mean 3-year ATI consultation rate increased among children aged 4-15 years from 0.44 to 2.25 (+1.81, 
95% CI 1.78-1.84) between 1998-2001 and 2002-2004, and was 0.93 (+0.49, 95% CI 0.46-0.52) in 2005-
2007 (Table 19).  
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An unpaired t-test revealed a difference of 2.46 (95% CI 2.29-2.63, P<0.001) in mean ATI consultations 
over 1-3 years’ follow-up, by comparing the tonsillectomy and comparison groups for children aged 4-15 
years and a difference of 1.21 (95% CI 1.04-1.38, P<0.001) ATI consultations over 4-6 years’ follow-up. 
This approximates to an annual reduction in the mean ATI consultation rate of 0.61 per child, per year, 
over 6 years’ follow-up.  
For the tonsillectomy group, the largest absolute reduction in mean ATI consultations was seen among 
children aged 12-15 years, followed by boys aged 8-11 years. In the comparison group, the largest 
absolute increase was seen among girls aged 12-15 years.  
5.4.4 Odds ratios for the effect of tonsillectomy on ATI consultations 
The unadjusted odds ratio (OR) for the effect of tonsillectomy on the outcome of ≥3 versus <3 ATI 
consultations over 1-3 years’ follow-up was 0.18 (95% CI: 0.13-0.27) and the corresponding adjusted OR 
was 0.12 (95% CI: 0.08-0.17) (Table 20). The unadjusted OR for ≥3 ATI consultations over 4-6 years’ 
follow-up was 0.36 (95% CI: 0.22-0.59) and the corresponding adjusted OR was 0.24 (95% CI: 0.14-0.41). 
The crude ORs were adjusted for age, sex, asthma, Down’s syndrome, cardiac disease, 
immunodeficiency and diabetes mellitus, at least one prior corticosteroid inhaler prescription, prior ATI 
consultations, prior antibiotics, practice-level deprivation and clustering of general practices. The 
strongest confounders of the association between tonsillectomy and the outcome of ATI consultations 
were prior ATI consultations, followed by prior antibiotics. 
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Table 18: Characteristics of study population at baseline (1998-2001) in tonsillectomy and comparison groups 
 
 
Tonsillectomy 
Comparison group 
(No tonsillectomy) 
t-test
 
≤3 ATI 
consultations 
(N=450) 
≤3 ATI consultations  
 
(N=13,442) 
Mean (SD) age 8.6(3.4) 9.3(3.6) P<0.001 
Mean (SD) number of ATI 
consultations in 3 years prior 
to index date 
 
1.3(1.1) 
  
  
0.4(0.8) 
  
P<0.001 
 
Mean (SD) number of 
antibiotics in 3 years prior to 
index date 
3.7(3.9) 2.1(2.7) P<0.001 
    
 
n % n % χ2 test 
Sex      
Girls  237 53 7285 54 P=0.52 
Boys  213 47 6157 46   
Deprivation quintile  
        
  
   
1 (least deprived)  105 23 2848 21 P=0.10 
5 (most deprived)  103 23 3545 26   
CO-MORBIDITIES            
Asthma  91 20 2302 17 P=0.10 
Cardiac disease and defects 2 0 11 0 P=0.07 
Down’s syndrome 3 1 15 0 P=0.02 
Immunodeficiency 0 0 1 0 P=1.00 
Diabetes mellitus 6 1 239 2 P=0.59 
≥ 1 Corticosteroid inhaler 
prescription 120 27 3259 24 P=0.24 
Koshy et al., BMJ Open. 2015 Feb 3;5(2) 
ATI – acute throat infection  
SD – Standard Deviation
  
P values shown in bold where statistically significant 
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Table 19: Mean differences in acute throat infection consultations per child prior to and subsequent to the index date in 2001 
  
  
  
  
  
Mean acute throat infection consultations and mean differences (with 95% CIs) comparing 3 year time intervals (1998-2001, 2002-2004 and 2005-2007) 
  
1998-2001 
3 years 
prior to index 
2002- 2004 
1-3 years 
post index 
Mean 
difference  
between 1998-2001 and 
2002-2004 
&
 
n 
1998-2001 
3 years 
prior to index 
2005-2007 
4-6 years 
post index 
Mean 
difference 
between 1998-2001 and 
2005-2007
&
 
n 
  
3 years prior to index date and 1-3 years follow up 3 years prior to index date and 4-6 years follow up 
ALL CHILDREN   
   
    
  
No tonsillectomy 12053 0.44 2.25 +1.81 (1.78 to 1.84) 
***
 10593 0.44 0.93 +0.49 (0.46 to 0.52)
***
 
Tonsillectomy 414 1.31 0.66 -0.65 (-0.78 to -0.51)
***
 358 1.32 0.6 -0.72 (-0.88 to -0.56)
***
 
GIRLS 4-7 years                 
No tonsillectomy 2375 0.7 2.43 +1.74 (1.66 to 1.81)
***
 2092 0.7 1.04 +0.35 (0.27 to 0.42)
***
 
Tonsillectomy 78 1.32 0.76 -0.56 (-0.94 to -0.19)
**
 71 1.34 0.65 -0.69 (-1.08 to -0.31)
***
 
BOYS 4-7 years                 
No tonsillectomy 2242 0.7 2.29 +1.59 (1.51 to 1.67)
***
 1989 0.69 0.76 +0.06 (0.00 to 0.13) 
Tonsillectomy 110 1.32 0.83 -0.49 (-0.81 to -0.18)
**
  92 1.32  0.55   -0.76 (-1.02 to -0.50)
***
 
GIRLS 8-11 years                 
No tonsillectomy 1944 0.35 2.23 +1.87 (1.80 to 1.95)
***
 1744 0.35 1.08 +0.73 (0.65 to 0.81)
***
 
Tonsillectomy 71 1.43 0.73 -0.70 (-0.99 to -0.42)
***
 65 1.43 0.92 -0.51 (-1.00 to -0.01)
*
 
BOYS 8-11 years                 
No tonsillectomy 1526 0.31 2.04 +1.73 (1.65 to 1.80)
***
 1395 0.31 0.71 +0.40 (0.33 to 0.47)
***
 
Tonsillectomy 59 1.17 0.34 -0.83 (-1.16 to -0.51)
***
 49 1.22 0.39 -0.84 (-1.23 to -0.45)
***
 
GIRLS 12-15 years                 
No tonsillectomy 2206 0.23 2.45 +2.22 (2.14 to 2.30)
***
 1866 0.23 1.2 +0.97 (0.89 to 1.04)
***
 
Tonsillectomy 66 1.29 0.62 -0.67 (-0.95 to -0.38)
***
 55 1.22 0.62 -0.60 (-0.96 to -0.24)
**
 
BOYS 12-15 years                 
No tonsillectomy 1760 0.2 1.91 +1.70 (1.64 to 1.77)*** 1507 0.21 0.68 +0.47 (0.41 to 0.53)
***
 
Tonsillectomy 30 1.27 0.37 -0.90 (-1.28 to -0.52)
***
 26 1.42 0.23 -1.19 (-1.69 to -0.69)
***
 
Koshy et al., BMJ Open. 2015 Feb 3;5(2) 
&
 paired t-test  
* 
P <0.05 
** 
P<0.01 
*** 
P<0.001 
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Table 20: Effect of tonsillectomy on the outcome of ≥3 and <3 acute throat infection consultations at 1-3 years and 4-6 years follow-up 
 
Odds ratios for tonsillectomy versus no tonsillectomy on ATI 
consultations 2002-2004 compared with 1998-2001  
1-3 years follow up 
Odds ratios for tonsillectomy versus no tonsillectomy on ATI 
consultations 2005-2007 compared with 1998-2001 
4-6 years follow up 
Number of 
ATI consultations 
at follow-up 
Tonsillectomy 
n=414 
No 
Tonsillectomy 
n=12053 
Crude OR  
(95% CI) 
AOR
* 
(95% CI)
 P value 
Tonsillectomy 
n=358 
No 
Tonsillectomy 
n=10593 
Crude OR 
(95% CI) 
AOR
* 
(95% CI)
 P value 
<3 ATI consultations 
383 8383 1.00 1.00 
P<0.001 
342 9369 1.00 1.00 
P<0.001 
≥3 ATI consultations 31 (7%) 3670(30%) 0.18 
(0.13-0.27) 
0.12 
(0.08-0.17) 
16 (4%) 1224 (12%) 0.36 
(0.22-0.59) 
0.24 
(0.14-0.41) 
 
* adjusted for age, sex, prior antibiotics, prior upper respiratory tract infections and sore throats, co-morbidities, past inhaled corticosteroid use and 
clustering by general practice;   
  OR - odds ratio, AOR - adjusted odds ratio 
  ATI - acute throat infection 
 
 
 
 112 
 
5.4.5 Key findings for Study 4: 
 Children who underwent tonsillectomy with ≤3 ATI consultations during the three years prior to 
the index date, in 2001, experienced a net reduction of 3.7 in the mean ATI consultation rate 
over a six year follow-up, with reductions of 2.5 (95% CI 2.3 to 2.6, P<0.001) over the first three 
years and 1.2 (95% CI 1.0 to 1.4, P<0.001) per child over the subsequent three years, compared 
with those who did not have surgery.  
 This approximates to an annual reduction in the mean ATI consultation rate of 0.6 per child, per 
year, over a 6 year follow-up.  
 The percentage of children with ≥3 ATI consultations post-index date fell in the tonsillectomy 
group. The adjusted OR for the effect of tonsillectomy on the outcome of ≥3 versus <3 ATI 
consultations over 1-3 years’ follow-up was 0.1 (95% CI: 0.1-0.2). The adjusted OR for ≥3 versus 
<3 ATI consultations over 4-6 years’ follow-up was 0.2 (95% CI: 0.1-0.4). 
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Chapter 6 Discussion  
In this chapter, I present and interpret the results from the four individual studies. The chapter 
commences by revisiting my overall hypothesis for this PhD thesis, followed by highlighting the main 
findings of the four individual studies. Subsequently, I discuss the strengths and weaknesses of the 
studies and the methodological implications. An interpretation of the results in the context of 
comparisons with existing literature, as well as possible clinical and policy implications, and potential 
future research areas follow.  
My overarching hypothesis was that tonsillectomy reduces the clinical burden of acute throat infections 
(ATI) in primary and secondary care settings. My findings suggest that ATI and peritonsillar abscess (PTA) 
admission trends are independent of tonsillectomy trends, and that therefore, tonsillectomy does not, 
at a population level, influence the severe end of the ATI spectrum as defined by children requiring 
hospital admission. Furthermore, at an individual level, tonsillectomy has only a modest clinical benefit 
in terms of reducing subsequent ATI consultations among children with low baseline ATI consultations in 
general practice.  
To recap, Studies 1 and 2 used hospital data to examine tonsillectomy trends, the socio-demographic 
profile of children undergoing tonsillectomy and the potential relationship between tonsillectomy 
trends and ATI, and PTA admission trends. Studies 3 and 4 analysed general practice data and 
investigated ATI consultation rates prior to tonsillectomy and the impact of the operation on 
subsequent ATI consultation rates.  
The primary findings from my thesis are presented below. 
6.1 Main findings of my thesis 
Tonsillectomy procedures among children aged <4 years in England doubled to one in five children by 
2011/12 compared with 2001/2. Overall, tonsillectomy rates increased by 58% among children aged <4 
years, SDB diagnoses in this subgroup doubled over the decade, and a higher number of children from 
the most deprived areas had this condition. By contrast, tonsillectomy rates among children aged 4-15 
years declined by 14% over the same period.  
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There was a 76% linear increase in ATI hospital admission rates in children aged <18 years between 
1999/2000 and 2009/10. The majority of these children were admitted for less than one day (LOS <1 
day), and admission rates for PTA remained stable. Tonsillectomy rates fluctuated over the first three 
years of this study period and did not appear to be associated with ATI or PTA admission trends.  
Among children aged 4-15 years with a record of tonsillectomy in 2007, 2.9% (32/1118) fulfilled the 
SIGN criteria for the documentation of the minimum number of throat infection consultation episodes 
in the year prior to tonsillectomy, and this proportion only increased to 3.6% (40/1118) when prior non-
specific URTI consultations were included. 
Children who underwent tonsillectomy with ≤3 ATI consultations during the three years prior to the 
index date, in 2001, experienced a net reduction of 3.7 in the mean ATI consultation rate over six years’ 
follow-up compared with children who did not undergo surgery. This equates to an annual reduction in 
the mean ATI consultation rate of 0.6 per child, per year, over 6 years’ follow-up.  
I now discuss the strengths and limitations of the hospital-based studies (Studies 1 and 2) followed by 
the strengths and limitations relating to the general practice-based studies (Studies 3 and 4). 
6.2 Strengths and limitations of individual studies 
6.2.1 Strengths and limitations of the HES studies (Studies 1 and 2) 
The main strength of Studies 1 and 2 is that HES provides a large, population-based sample. HES data 
provide a comprehensive overview of recent NHS tonsillectomy practice in England. The findings from 
the two HES studies (Studies 1 and 2) are unlikely to have been a result of chance due to the large study 
population. Study 1 represents one of the first studies in England to depict the socio-demographic 
profile of children undergoing tonsillectomy using individual level, longitudinal data from a large 
population-based sample. Study 2 is one of the first to investigate if there is an association between 
trends in ATI and PTA hospital admissions and tonsillectomies in children. 
However, there are a number of potential limitations to Studies 1 and 2. Firstly, there is a possible 
weakness relating to the accuracy and quality of HES data, although the quality and accuracy of data has 
improved considerably in recent years.170 Secondly, there are potential inherent weaknesses of clinical 
databases, including missing or inaccurate data. Nonetheless, there was >99% completeness for the 
socio-demographic variables within the data extract analysed. Thirdly, HES data does not include the 
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actual indication for surgery. As described earlier, the age categories I selected are proxy measures for 
the most likely reason for the operation, <4 years for SDB and 4-15 years for recurrent throat infections. 
Fourthly, I was unable to validate the use of ICD-10 diagnostic codes against children’s detailed clinical 
records to determine the accuracy of coding. ATI and PTA are clinical diagnoses, so it seemed reasonable 
to focus on the primary diagnosis recorded on discharge. Fifthly, HES primarily contains activity from 
NHS hospitals in England and not private hospitals; thus I have inevitably underestimated the total 
number of tonsillectomies performed in England. However, Suleman et al.’s study, which analysed five 
years of HES data and one year of data from BUPA private hospitals, found similar tonsillectomy rates 
across both public and private sectors.4  
Length of hospital stay (LOS) was used as a marker of disease severity. However, a prolonged stay may 
be due to reasons other than the severity of infection and for non-clinical reasons, for example, family 
or social problems at home. I made an assumption that the prevalence of these non-clinical factors 
would be consistent over the last decade and so not affect overall findings. I did not distinguish whether 
the increase in ATI admissions within Study 2 was because of a greater number of children being 
admitted to hospital or an increase in the number of admissions per child. Finally, it was not possible to 
infer causality for the marked increase in ATI rates to a single explanation.  
6.2.2 Strengths and limitations of the CPRD studies (Studies 3 and 4) 
One strength of the CPRD studies (Studies 3 and 4) is that the CPRD database consists of routine 
individual level general practice data from a nationally representative dataset. Study 3 is among the first 
studies in England to investigate the documentation of throat infection consultations in general practice 
prior to tonsillectomy, using a population-based primary care database. Study 4 is among the first and 
largest studies to investigate the longer-term impact of tonsillectomy on ATI consultations in a primary 
care setting in the UK, with a six year follow-up. Finally, the large number of children in the comparison 
group for Study 4 increased the power of the cohort study. 
Studies 3 and 4 also have limitations. Firstly, I was able to investigate the frequency of ATI episodes 
according to SIGN guidelines; however, I was unable to determine whether these episodes were 
disabling and affecting normal functioning. These are additional criteria of the SIGN guidelines and 
important factors surrounding the decision to refer an individual child for surgery. Secondly, I did not 
have access to the ‘free text’ of general practice consultations, only the diagnostic medical codes. It may 
be that important information relating to ATI consultations might be contained within the body of 
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medical entries, so consultation rates were potentially underestimated. Thirdly, I used the first entry for 
tonsillectomy in patients’ medical records within the data extract as the index date. Therefore, 
depending on the recording patterns of individual GPs and surgeries and the patients’ history prior to 
baseline, I might not have captured the ATI consultations for the exact year preceding tonsillectomy. 
Some GPs might record tonsillectomy at the decision point to refer, while others might document it 
after the operation has taken place. I included the ‘tonsillectomy planned’ code to account for clinicians 
recording in different waysto potentially capture as many children who underwent tonsillectomy as 
possible. This code was included based on the assumption that the waiting time for the actual operation 
would be imminent, or within weeks or months. There is an inevitable time-lag between referral for 
tonsillectomy and surgery. Another potential problem is that clinicians or administrators may have 
entered the operation retrospectively and the dates could be inaccurate. Ideally, examining the 
children’s actual medical records would provide clearer information on the accuracy of the selection of 
tonsillectomy codes and the date of surgery, and sensitivity analyses for different tonsillectomy codes 
could be performed. Linkage to HES data would provide an independent data source to verify the 
serious ATI diagnoses and tonsillectomy operations, as well as the relevant dates. 
The outcome measure for ATI frequency was consultations with a primary care clinician rather than self-
reporting. Although this is an objective measure, it clearly depends on families’ health-seeking 
behaviour (HSB). It would, for example, underestimate the frequency of ATI for children who did not 
attend with every ATI episode. Additionally, if a child has already undergone tonsillectomy, the family 
may be less likely to present with sore throat symptoms compared with children who have not had a 
definitive operation. Hence, children who have not undergone tonsillectomy may demonstrate 
increased HSB in re-consulting with ATI (Study 4). Thus, if this occurred, calculating the frequency of 
subsequent ATI consultation rates could potentially overestimate the benefit of tonsillectomy. For the 
cohort study (Study 4), losses to follow-up could have created attrition bias, which is difficult to 
minimise and also affects experimental studies. For Study 4, the two groups (tonsillectomy and no 
tonsillectomy groups) for the cohort study may not have been optimally comparable. A cohort study 
with a nested case control design may have been a more preferable design so that both the exposure 
(tonsillectomy) and comparison (no tonsillectomy) groups would have arisen from the same baseline 
cohort population. The cases and controls could then have been matched on factors including age, sex 
and baseline ATI consultation rates, to make them more comparable. However, as I only had access to 
the data originally requested from the MHRA, under the free licence, I was not able to obtain the 
additional data that would have been required for a nested case control study.  
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As outlined in the Methodology, I attempted to exclude children who may have undergone 
tonsillectomy for SDB (Studies 3 and 4), as opposed to recurrent ATI. However, I am unlikely to have 
captured and excluded all cases. I excluded 2% (26/1184) of cases of SDB among children aged 4-15 
years, whereas prevalence rates for tonsillectomy among children aged 5-16 years were estimated at 9% 
(1384/15491) in 2003/4 by the Royal College of Surgeons’ prospective national audit on indications for 
the operation.78 Finally, higher baseline ATI consultation and antibiotic means were observed in the 
tonsillectomy group in Study 4. However, I made the two groups more comparable by controlling for 
prior ATI consultations and antibiotics in the multiple logistic regression analysis. 
6.3 Methodological implications of using these datasets 
In the previous section I discussed the strengths and limitations of the methods specific to the analyses 
for the individual studies. Below, I outline additional methodological implications, in particular focusing 
on the role of chance, bias and confounding issues within all of the studies.  
One of the greatest strengths of all four individual studies is that they originate from large, population-
based databases. This makes it less likely that they have arisen through chance and makes them more 
representative and easily generalised to the child population in England.  
As previously described, both HES and CPRD have been validated as high quality databases for 
epidemiological and healthcare service research.177 These routinely collected databases allow research 
to be conducted in pragmatic terms and capture real clinical practice rather than the rigorous inclusion 
and exclusion criteria applied to experimental study designs. This enables the findings to be directly 
translated into primary and secondary care settings.  
Although CPRD covers England, Wales and Scotland, the HES data I analysed only captured NHS hospital 
activity in England. As the health status and demography of populations elsewhere in the UK may differ 
from that of England, the findings may not be wholly generalisable to the wider UK population. 
Furthermore, good quality ethnicity data were not available in either of the data extracts analysed. This 
potentially limits representativeness and generalisability of the findings, as ethnicity is an important 
demographic characteristic to account for in a multi-ethnic country, such as the UK. Thus, my findings 
assume that there are no important differences by ethnic group.  
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6.3.1 Chance, Bias and Confounding 
There may be alternative explanations for an observed effect of an exposure on an outcome of interest, 
and possible sources of bias that need to be considered in the interpretation of findings from any 
epidemiological study. The most important factors to consider are the role of chance, bias and 
confounding.  
For the HES studies (Studies 1 and 2) the 95% CIs were very narrow, which suggests that the findings are 
less likely to be due to chance. However, for some of the findings within Study 4, the 95% CIs were quite 
wide; for example, for the odds ratios for the outcome of ≥3 ATI consultations over 3 years’ and 6-years’ 
follow-up, where findings are more likely to have arisen through random error than is the case for the 
HES studies.  
Furthermore, investigating a multitude of factors raises the risk of some results being spurious and 
random errors affecting the analyses; for example, this may affect Study 4 where I tested for a 
difference in frequencies of several different co-morbidities among children who underwent 
tonsillectomy and those who did not. For instance, an observation of an association between 
tonsillectomy and Down’s syndrome (P=0.02) based on a subset of only 0.7% (3/450) among the 
tonsillectomy group and 0.1% (15/13442) among the comparison group.  
Bias is a systematic error that originates from the study design itself, the data collection or the data 
analysis, that potentially violates the internal validity of the study. For the general practice-based and 
hospital-based studies I analysed routinely collected clinical data. Children and their families were 
unaware of the exposure (tonsillectomy) or outcome (acute throat infections) being studied, which 
minimised recall bias. Similarly, as clinicians were unaware of the hypotheses being tested regarding a 
potential relationship between the exposure and outcomes, observer bias was also limited. 
National population-based databases capture more natural variation in the population than smaller, 
regional-based studies, which may not be representative of a wider population. Thus, national 
databases reduce the likelihood of selection bias. HES captures most emergency admissions for ATI and 
PTA in England, as the vast majority of emergency care for children occurs in NHS A&E settings. 
Therefore, selection bias is likely to be low. However, tonsillectomy operations may also be performed 
in private settings, so there is potentially selection bias among the children who I captured who 
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underwent the operation. For instance, I may not have captured some of the more affluent families who 
sought tonsillectomy privately. 
Over 600 general practices provide data for the CPRD. These practices represent about 8% of the UK 
population, are demographically representative for age and sex distribution and are geographically 
widespread, which reduces potential selection bias.147 However, there could be some inherent selection 
bias in those general practices that are included within the CPRD. For example, they might be more 
rigorous at diagnosing or more judicious at prescribing antibiotics than other practices. However, as my 
cohort study compared ATI consultation rates before and after an index date among individual children 
in a given practice, this is unlikely to have caused substantial bias.  
There was no access to actual consultation records within the HES or CPRD datasets. Therefore, it was 
not possible to validate the actual diagnoses recorded with ICD-10 and CPRD medical diagnostic codes, 
respectively. There is also likely to be some missing data in the exposures and outcome measures due to 
the reliance on clinical diagnostic coding. Tonsillectomy is the exposure of interest and, as this is an 
operation, it is less likely to be subject to ascertainment bias in diagnostic coding, as has been shown in 
previous studies of procedures and operations.168 170 193However, the outcome of ATI may be subject to 
ascertainment bias, as the diagnosis depends on the clinician assigning it. In a hospital setting, one 
diagnosis might be preferentially applied to justify admission. For example, a hospital clinician may 
assign a diagnosis of tonsillitis rather than a less serious viral upper respiratory tract infection (URTI), 
leading to an overestimation of ATI disease burden (Study 2).  
Where the data were available, I adjusted for potential confounding factors. I age-standardised ATI and 
tonsillectomy rates for Study 2 to enable the trends of each to be directly compared. As I only had 
access to aggregate-level HES data, I was unable to undertake individual level analyses and adjust for 
potential confounding factors. Within the CPRD dataset, I adjusted for confounders such as co-
morbidities, previous antibiotic prescriptions, previous ATI and practice-level deprivation (Study 4). 
Although a number of potential confounding factors were available within the CPRD data, there were 
other possible confounders for the associations that were not available or adequately recorded. These 
include passive smoking, attendance at day-care facilities, siblings and the crowdedness of residence. 
There may also be unknown potential confounders of the associations between tonsillectomy 
(exposure) and ATI consultations (outcome) being explored that could not be controlled for; adjusting 
for these known and unknown confounders might attenuate the association observed. The absence of 
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data for such variables means that there could be potential residual confounding for the measure 
estimates. 
6.3.2 Reverse causality 
Study 2 is an ecological study of tonsillectomy and ATI (and PTA) hospital admission trends. Due to the 
ecological design, it is not possible to eliminate reverse causality. Thus, rather than tonsillectomy trends 
affecting ATI and PTA rates, it may be that ATI and PTA rates are influencing trends in tonsillectomy 
rates.  
Reverse causality for the retrospective study (Study 4) is unlikely as the data are longitudinal and there 
is a temporal relationship between the exposure (tonsillectomy) and the outcome (change in ATI 
consultation rate).  
 121 
 
6.4 Possible explanations of my findings and comparison with other studies 
In this section I attempt to interpret the findings from the four individual studies and provide 
explanations where possible. I compare my findings with existing literature and start with the hospital-
based studies (Studies 1 and 2) followed by the general practice-based studies (Studies 3 and 4).  
6.4.1 Findings from the hospital-based studies (Studies 1 and 2) 
6.4.1.1 Overall tonsillectomy trends 
The tonsillectomy numbers I observed within NHS hospitals (Studies 1 and 2) are consistent with the 
overlapping trends reported by the Department of Health report: ‘Trends in Children’s Surgery 1994/5 
to 2004/5’.194 The tonsillectomy rates are also of similar magnitude to those reported by Suleman et 
al.’s retrospective analysis of children aged <15 years between 2000 and 2005, which found a national 
average tonsillectomy rate in the NHS of 304 per 100,000 population aged <15 years and also 
highlighted considerable geographical variation in rates within the UK.4 Van den Akker et al. reported 
wide international variation in tonsillectomy rates.99 In 1998, tonsillectomy rates in children <15 years 
old in England were 65 per 10,000 children, compared with 115 per 10,000 in the Netherlands and 50 
per 10,000 in the US. 99  
Tonsillectomy trends declined overall, but varied over the decade. As outlined in Chapter 1, the reasons 
for the observed trends in tonsillectomy are multifactorial and complex. Possible explanations include 
changes in attitudes and views of GPs and ENT surgeons, parental perceptions, school absenteeism and 
social circumstances, such as parents taking time off work, as well as locally commissioned referral 
pathways.  
6.4.1.2 Tonsillectomy rates among pre-school children 
Tonsillectomy rates increased by 58% among children aged <4 years between 2001/2 and 2011/2, 
driven by increasing SDB diagnoses that rose from 18% to 39% between these study years.195 My SDB 
findings flank the proportion observed in a UK national audit of 33% among children aged <5 years in 
2003/4.78 The rise is also consistent with Clement's Scottish study, which reported that ambulatory 
tonsillectomies in children on the SDB spectrum increased from 26% to 55% between 2001 and 2011, 
and that SDB was the most common indication for tonsillectomy among pre-school children (aged <5 
years).108 A likely explanation is that this is a consequence of increased awareness and diagnostic rates 
of SDB among GPs and ENT surgeons.91 92 A study in England showed a four-fold increase in childhood 
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obesity-related admission rates during the last decade, many of which were for sleep apnoea.196 
Therefore, rising procedures for SDB may be partly driven by increasing levels of childhood obesity, 
particularly among those with lower socioeconomic status (SES), as there is an association between 
obesity and deprivation, and obesity is a recognised independent risk factor for SDB.197 198 I observed 
that the largest absolute increase in tonsillectomy rates among children aged <4 years over the decade 
was among children from the most deprived areas. Thus, there could be a three-way relationship 
between SDB, obesity and deprivation among young children who undergo tonsillectomy.  
I investigated this possible three-way relationship using the ICD-10 code for obesity (E66), and searched 
for secondary fields for this diagnosis. However, there were virtually no children with a record of obesity 
within the data extract, so I was unable to examine a change in proportion for those with all three 
variables combined. The Health Survey for England reported that obesity prevalence rates among 
children aged 2-15 years were 15.2% and 16.3% in 2001 and 2011, respectively.199 Although these 
percentages represent community prevalence rates and not the subgroup of children who underwent 
tonsillectomy, low obesity rates are likely to reflect sub-optimal recording of this diagnosis within the 
dataset. The aforementioned study of obesity-related admissions, which also used HES data, similarly 
found very low rates of only 93 and 414 per million children aged 5-19 years in 2000 and 2009, 
respectively, in a broader study population.196 Hence, I was unable to provide evidence to support a 
potential three-way relationship between SDB, obesity and deprivation.  
My findings showed a doubling of the prevalence of SDB diagnoses among children aged <4 years who 
underwent tonsillectomy over the decade. The proportion of children in this age group from the most 
deprived areas also increased. Furthermore, those with SDB from the most deprived areas doubled. 
Hence, this provides some evidence supporting the original hypothesis of a two-way relationship 
between SDB and deprivation with tonsillectomy, whereby SDB diagnoses have increased in young 
children over the decade and that rise has predominantly affected those from the most deprived areas.  
There has been a shift from infection to SDB for the indication for tonsillectomy for younger children, 
whereas infective causes are a more common reason among older children.82 This US study identified 
that obstructive symptoms were the primary indication for tonsillectomy in 91.8% of patients aged ≤3 
years, which is much higher than the percentages observed in the UK.78 82 108 The existence of national 
guidelines for the diagnosis and management of SDB in children in the US, but not in the UK, may 
account for these differences. The US guidelines highlight a need for an increased evidence base on 
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screening and diagnosing those with the SDB spectrum, evaluating different treatment methods in 
otherwise healthy children, as well as investigating the role of obesity in SDB.198  
6.4.1.3 Tonsillectomy rates among older children 
The observed decline in tonsillectomy rates among children aged 4-15 years may be a consequence of 
UK national guidelines and also a Cochrane systematic review.26 134 Both of these documents 
recommended that tonsillectomy should be reserved for those with severe recurrent throat infections.2 
70 The decline in older children is relevant, since older children are more commonly referred for throat 
infections than younger children.82 103 The sudden sharp decline in tonsillectomy rates between 
1999/2000 and 2001/2 may be due to the dissemination of the national guidelines recommending the 
curtailment of tonsillectomy for recurrent throat infections, or it could be related to the Department of 
Health recommending single-use surgical instruments in response to concerns about variant Creutzfelt-
Jakob Disease transmissibility at this time.200 
Tonsillectomy rates per 100,000 children which I observed are considerably lower than those reported 
in the US. The US has had markedly higher tonsillectomy rates in children over recent decades.99 A US 
study of outpatient tonsillectomies in 2006 found the rate was 91.3 (95% CI: 46.6-136.0) per 10,000 
children among children aged 7-12 years and 102.9 (95% CI: 66.7-139.1) per 10,000 children among 
children aged <7 years.103  
6.4.1.4 Sex differences in tonsillectomy trends 
I found higher tonsillectomy rates among 10-17 year old girls compared with boys of the same age. 
These findings are similar to Lock et al.’s study in the North of England and Scotland of children aged 4-
15 years who were referred for tonsillectomy, which found 8-14 year old girls were significantly more 
likely to be referred for tonsillectomy.201 That study found that older boys were more likely to elect 
conservative management over surgery when given the option. The authors reported that girls in the 
older age group presented to the study ENT centres with ATI more frequently than boys, which is 
consistent with findings from a Danish study.192 This observed age-sex distribution for tonsillectomy 
operations may reflect underlying age-sex specific ATI rates among children. It is also consistent with a 
well-described trend in the natural history seen for ATI and other childhood respiratory infections.116 202 
Lock et al.’s study found that girls also tended to report more ATI during the follow-up period than boys. 
Therefore, another explanation for the observed sex difference could be related to older girls’ greater 
health-seeking behaviour compared with older boys. 
 124 
 
6.4.1.5 Tonsillectomy and deprivation level 
The deprivation gradient in tonsillectomy rates which I observed is similar to that reported in the Chief 
Medical Officer’s 2005 annual report, which studied HES data from 2004/5. The report highlighted a 
reversal in tonsillectomy trends between social classes over the last century. However, my observations 
for deprivation are in contrast to Lock et al.’s findings, who found no association between tonsillectomy 
and SES based on parental occupation. That study involved a trial and cohort design of 729 children, 
which is markedly lower than a population-level sample using HES.90 Boss et al.’s US study also found 
similar ambulatory tonsillectomy rates among children who were covered by Medicaid compared with 
private insurance.103  
The ratio of children in the <4 year age range from the most deprived areas compared with the least 
deprived areas increased between 2001/2 and 2011/12, which suggests that health inequalities may be 
widening for tonsillectomy indicated for SDB. By contrast, the ratio of children in the 4-15 year age 
range from the most deprived areas compared with the least deprived areas declined between these 
years, which may mean that the health inequities for tonsillectomy indicated for throat infections may 
be attenuating over time, particularly among children from an older age range of 12-15 years.  
I have discussed how the socio-demographic profile of children who undergo tonsillectomy has changed 
over a decade. Now, I will discuss the trends in ATI and PTA admission rates (outcome), alongside 
tonsillectomy trends (exposure), and the potential relationship between them.  
6.4.1.6 ATI admission trends 
General practice consultations for ATI and URTI have been on the decline in the UK and the Netherlands 
in recent years.203 204 However, I could not find any studies showing trends in emergency ATI hospital 
admissions prior to the publication of my findings from Study 2.116 However, subsequent papers, 
discussed in the next section, have reported on URTI emergency admissions and tonsillitis admission 
trends in the UK.205 206 207 
ATI admission rates for children aged <18 years increased linearly by 76% between 1999/2000 and 
2009/10, which was in contrast to the more modest 19% increase in total emergency admissions in 
children of the same age over the same period. ATI trends were also distinct from those for viral URTI. 
This suggests ATI admissions were independent of secular trends for all-cause emergency admissions 
and viral URTI, and so the observed increases are likely to reflect true findings. Furthermore, the large 
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study population and narrow 95% confidence intervals for the rates make chance unlikely to have 
accounted for the findings. My results are consistent with those reported by Gill et al. in their time-
trends population-based study using HES data, which reported that the emergency admission rate 
increased by 28% among children aged <15 years from 63 per 1000 population to 81 per 1000 
population between 1999 and 2010.205 My findings showed the all-cause emergency admission rate 
increased from 58 per 1000 children to 69 per 1000 children between 1999/2000 and 2009/10. The 
discrepancy could be because my study population was children aged <18 years, thus older than the 
target population in Gill et al.’s study. I found that the largest increase in ATI admission rates during the 
study period was among children aged <5 years. This mirrors Gill et al.’s findings in their study of all-
cause emergency admissions, which similarly found the greatest cumulative increase in emergency 
admissions was among children aged <5 years over the same time frame. This points to a deeper 
problem concerning the sharp increase in children aged <5 years being admitted to hospital. The 
authors similarly found that much of the rise was attributable to common infections and suggested 
there was a “systematic failure” of the NHS in assessing children with acute illness that could have been 
potentially managed in the community.205 
6.4.1.7 Possible reasons for the rise in ATI admissions and the relationship with tonsillectomies 
My findings show that ATI rates increased linearly between 1999/2000 and 2009/10 and there are a 
number of possible explanations for this, which I will discuss below. My null hypothesis was that 
tonsillectomy rates were not associated with ATI or PTA admission rates or severity of infection. 
Increases in ATI admissions could be a consequence of a fall in community antibiotic prescribing. 
General practice antibiotic prescribing rates in the UK decreased by a quarter between 1996 and 2000; 
the rates then increased by 40% between 2000 and 2007. 55 64 Therefore, antibiotic prescribing trends 
were not associated with the consistently steep increase in ATI rates and so do not fully explain the 
findings.  
The increase in ATI rates may represent increased virulence of organisms responsible for ATI, such as 
GABHS. The HPA in England reported an increase in GABHS bacteraemia cases of 16% across all ages 
between 2005 and 2009, from 1241 to 1445.208 These represent a small number of isolate cases of 
severe disease across all ages with no denominator data to compare the rates. The reasons for periodic 
‘upsurges’ of invasive GABHS infection within and outside Europe are not entirely clear.209 210 However, 
if increased virulence of GABHS was responsible, I would have anticipated an increase in median LOS for 
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ATI admissions and also an increase in PTA rates to reflect increased severity of infection, which I did not 
observe.  
Despite variability in tonsillectomy trends, in particular between 1999/2000 and 2002/3, ATI admission 
rates increased linearly during the entire study period. This implies that tonsillectomy trends are not 
associated with ATI admission trends. The largest decrease in tonsillectomy rates was in the 5-9 year age 
group. However, by comparison, admissions for ATI in this age group and older groups increased only 
modestly in subsequent years. Instead, the largest proportionate increase in ATI was among 1-4 year 
olds. The increase in tonsillectomies among 1-4 year olds may represent an increase in admissions for 
ATI or could, more likely, be attributed to an increase in referrals for SDB, which is more common in this 
age group.  
There were potential cohort effects during the early years of the study, which suggests a possible 
inverse relationship between the number of tonsillectomies and ATI admissions. However, as this was 
an ecological study design, I could not confidently ascertain whether the children who were admitted 
with ATI had previously undergone tonsillectomy or not. Longitudinal studies with individual level data 
would ideally be needed to investigate this further.  
Lau et al.’s retrospective study of children and adults using HES data reported that the overall 
tonsillectomy rate fell by 44% between 1991 and 2011 for adults and children combined.206 The authors 
did not describe how the trends varied over this time frame for children by age group. Over the 20-year 
period, the study reported that the admission rate for tonsillitis rose by 310% and the PTA admission 
rate increased by 31%. The authors reported that the reduction in tonsillectomy rates correlated with a 
significant rise in emergency admissions for tonsillitis and associated complications. The authors divided 
the age categories into those aged under and over 16 years. They reported the decline in tonsillectomy 
rates was most pronounced in the under 16 age group (551 per 100,000 in 1991 to 284 per 100,000 in 
2011), as was the increase in admissions for tonsillitis (98 per 100,000 in 1991 to 390 per 100,000 in 
2011).206 The corresponding tonsillectomy rates in my study for children aged <18 years were 367 per 
100,000 children in 1999/2000 and 294 per 100,000 children in 2009/10. For acute tonsillitis and 
pharyngitis admissions, my rates were 107 per 100,000 children and 188 per 100,000 children in 
1999/2000 and 2009/10, respectively. These differences may reflect the different target age ranges 
studied. The authors did not age-standardise the rates and assumed linear growth between the census 
years of 1991, 2001 and 2011 for the calculations, so it may be difficult to accurately account for 
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changes in the demographic profile of the population to enable fair comparisons between tonsillectomy 
rates and the admission rates for tonsillitis and related complications across the years. 
Lau et al. reported marked regional variation in tonsillectomy rates and quantified the magnitude of the 
reductions.206 They also showed the change in tonsillectomy rates and tonsillitis admission rates in each 
Strategic Health Authority (SHA) between 1991 and 2011. If there was an association between 
tonsillectomy and tonsillitis rates, one might expect to consistently see the largest increase in tonsillitis 
admission rates in SHAs where there was the largest reduction in tonsillectomy rates. However, this 
relationship was not uniformly observed. For example, the North East was the SHA with the smallest 
decline in tonsillectomy rates but also the SHA with the largest increase in tonsillitis admission rates. 
Another recent UK study examined tonsillitis admissions in a university teaching hospital and reported 
tonsillitis admissions increased by 179% among children between 2003 and 2012, despite negligible 
changes in tonsillectomy.207 The authors suggested that these findings prompted the need for 
reconsideration of the agreed indications for tonsillectomy to potentially reduce hospital admissions for 
patients with tonsillitis in the long term. However, the authors suggested a direct association between 
tonsillitis admissions and tonsillectomy rates and did not consider alternative explanations for the 
substantial increase in tonsillitis admissions, such as changes in health seeking behaviour or the delivery 
of healthcare services. 
There has been a shift towards shorter hospital stays (LOS <2 days) for ATI, with a reduction in median 
LOS from 1 to 0 days, which suggests that there has been no increase in the severity of ATI admissions. 
Furthermore, it suggests that there may have been a trend towards treatment of ATI in hospital rather 
than general practice settings. Thus, the increase in very short-stay admissions for ATI is unlikely to 
reflect a genuine increase in ATI morbidity and may instead be a result of changes in HSB. This is 
supported by previous studies, which have found an overall increase in admissions for minor illnesses in 
children in recent years and this may reflect changing thresholds for admission.188 205 The changes in 
general practice out-of-hours care, following changes to the GP contract, may have influenced families’ 
HSB and contributed to parents seeking help directly from A&E. This could represent increased hospital 
efficiency or greater pressure for hospital beds. Alternatively, it could indicate that disease severity has 
decreased over time, or a shift towards treatment in hospital rather than in the community for ATI. 
Another possible explanation is the change in definition of hospital admission over the decade, 
reflecting the increase in short-stay observation wards to enable adherence to the 4-hour waiting time 
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target in A&E, introduced in 2004. Total emergency admissions increased by 18% between 1996/7 and 
2006/7 among those aged <20 years.211 This increased workload may have contributed to increasing 
numbers of young children admitted through A&E (often by inexperienced junior doctors) with a 
diagnosis of tonsillitis over a viral URTI, to justify hospital admission. Many of these children may have 
previously been managed within the community.  
My LOS findings for tonsillectomy, ATI and PTA over the decade (1999/2000 to 2011/12) are in keeping 
with those reported by Lau et al., between 2001 and 2011.206 They reported the mean LOS for PTA 
declined from 2 days in 2001 to 1.5 days in 2010. However, Lau et al. used mean LOS as an outcome 
measure, whereas I used median LOS to account for the skewed nature of hospital admission stays.  
6.4.1.8 PTA admission trends 
The PTA admission rates reported in Study 2 are slightly higher than those reported by Sharland et al. (3-
5 per 100,000 children).16 This is likely to reflect my wider target age range, and that I included the 
surgical procedural code for incision and drainage of tonsillar abscess. PTA admission trends were stable 
over the study period; therefore, these findings provide evidence that a reduction in tonsillectomy 
operations does not appear to have led to an increase in PTA admissions. By contrast, Lau et al. found 
that PTA admission rates rose by 31%, but the authors studied adults as well as children. Furthermore, I 
observed that the LOS for PTA remained stable over the decade (2 days), suggesting that there has not 
been an increase in the severity of PTA infections with the decline in tonsillectomy rates.  
My findings suggest that there is no evidence of an association between tonsillectomy rates and hospital 
admission rates for ATI or PTA, or the severity of the infection at a population level. However, individual 
level studies are needed to explore this in detail to delineate a potential association. 
6.4.2 Findings from the general practice-based studies (Studies 3 and 4) 
I will now discuss the findings from my two general practice-based studies (Studies 3 and 4).  
6.4.2.1 ATI consultation history prior to tonsillectomy in general practice 
The number of ATI consultations among the children who underwent tonsillectomy in 2007 is 
substantially lower than I expected (Study 3), particularly as parents need to attend their general 
practice to seek an antibiotic prescription, if an ATI is severe. However, this is consistent with my recent 
study of data from 2008.139 I attempted to capture more potential ATI diagnoses, by accounting for 
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different general practitioners’ varying diagnostic recording patterns and studied individual throat 
infection diagnoses, recurrent ATI and non-specific URTI diagnostic codes. Yet, despite the inclusion of 
these additional codes, the percentage of children who fulfilled the SIGN 1999 criteria in this study year 
remains extremely low. 
There are a number of possible explanations for these findings. One explanation is that a large 
proportion of children who underwent tonsillectomy in 2007 did not fulfil SIGN 1999 criteria for 
tonsillectomy. Another, and more likely, reason relates to documentation of ATI. It may have been that 
children attended with concurrent symptoms or diagnoses and that other diagnoses were preferentially 
recorded by some GPs over an ATI diagnosis or that general codes were recorded instead, such as 
‘patient reviewed’ (READ code 6A...00), which would not have been captured as ATI consultations in the 
data extract. GPs may have relied on a child’s or a parent’s verbal account of prior ATI consultations, 
rather than the actual documented ATI consultations. Additionally, GPs may have recorded some ATI as 
specific ‘upper respiratory tract infections’, such as viral laryngitis, and so the true ATI consultation rates 
could have been underestimated. Thus there are potential challenges surrounding identifying and 
ascertaining ATI presentations using a general practice data extract because of clinicians’ varying 
recording patterns. Some children may also have directly attended A&E with ATI and bypassed primary 
care, and these attendances may not have been accurately recorded in the general practice records. 
This is supported by my recent study showing a 76% linear increase in emergency admission rates for 
ATI between 1999/2000 and 2009/10 (Study 2).116 Finally, the findings could suggest that GPs are not 
following the SIGN guidelines and are applying their own judgement in deciding which children they 
believe would benefit from tonsillectomy, according to the severity and debility caused by the ATI or 
perhaps taking social factors into account; for example, school absenteeism, parental days off work or 
impaired school performance. A previous study on the reasons for seeking tonsillectomy for recurrent 
ATI suggests that this may be a likely scenario.90 Ideally, examining a randomly selected group of 
children’s medical notes for ATI consultations and tonsillectomy operations, would help validate the 
findings. Furthermore, analysing data from a different general practice database, such as THIN, could 
externally validate the findings. 
Pharyngitis diagnoses were the least frequently used among the diagnostic codes for all age groups. This 
was expected since tonsillectomy has unknown benefits for pharyngitis. However, as the SIGN 
guidelines highlight, it can be very difficult to differentiate between pharyngitis and tonsillitis in a 
general practice setting.26 Although the inclusion of non-specific URTI diagnostic codes increased the 
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yield of potential ATI consultation rates, it did not increase it substantially. I did not include specific viral 
URTI codes, such as viral laryngitis, as this diagnosis does not warrant tonsillectomy. However, some GPs 
may have used this code interchangeably for throat infection diagnoses.69  
As outlined in Chapter 1, there are numerous factors that influence the decision process along the 
referral pathway. In the UK, typically, a parent and child present to a GP, who then, based on the history 
and examination findings, may refer the child to an ENT surgeon for consideration of tonsillectomy. The 
GP acts as a gatekeeper and the ENT surgeon decides whether to perform surgery. This subsequent 
stage, in secondary care, has been studied.76 A UK secondary care audit of 100 children undergoing 
tonsillectomy during two time periods spanning 2007 and 2008, found only 12% of children met all four 
of the SIGN criteria in the first cycle, which included documentation of the minimum frequency of ATI. 
This increased to 44% following an intervention programme of posters and a rubber stamp with the 
criteria, which acted as an aide memoire.76 This highlights the importance of documentation by ENT 
surgeons too. The questionnaire-based study of 141 GPs and 146 ENT consultants on the indications for 
paediatric tonsillectomy described in Chapter 1 suggested there is increasing disparity between GPs’ and 
ENT consultants’ opinions surrounding the usefulness of tonsillectomy. Since 1994, the proportion of 
GPs who believe tonsillectomy is beneficial decreased from 92% to 65%; however, 98% of ENT 
consultants still believe it is a useful operation.91 92 
6.4.2.2 Impact of tonsillectomy among children with low baseline ATI consultations 
I have discussed ATI consultation rates prior to tonsillectomy. Now I will discuss my findings relating to 
the impact of tonsillectomy on subsequent ATI consultations among children with low baseline ATI 
consultation rates in general practice. 
Children who underwent tonsillectomy compared with no operation experienced a reduction of 2.5 
(P<0.001) ATI consultations over the first three years and 1.2 (P<0.001) over the subsequent three years 
on average, which is equivalent to an annual reduction of 0.6 ATI consultations per child, per year, over 
six years (Study 4). Although these reductions are statistically significant, they are very modest in clinical 
terms, and a reduction of less than one ATI episode per year may only be of low clinical significance.212 
A Dutch RCT of children aged 2-8 years who did not fulfil the Paradise criteria for severe recurrent throat 
infection frequency found the effects of tonsillectomy were more apparent in children who had 3-6 
throat infections in the year prior to entering the trial compared with ≤2 throat infections.71 127 Although 
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the authors reported fewer throat infections (-0.21, 95% CI -0.06 to -0.36) per person year in the 
tonsillectomy group with lower baseline infections, they also concluded that these differences were not 
clinically significant. However, the median follow-up time was only 22 months in that study.127 Although 
my study was a cohort study, the findings are in keeping with this RCT, whereby a statistically significant 
reduction in ATI frequency was observed that was not necessarily of clinical significance.  
In my study, the greatest reduction in mean ATI consultations was among boys aged 12-15 years, 
followed by boys aged 8-11 years, which was sustained at six years’ follow-up. Lock et al.’s study 
reported the greatest impact was among children aged 8-11 years with no statistically significant benefit 
seen among children aged 4-7 years or 12-15 years.90 My findings are not directly comparable since the 
children in that study had four or more sore throat episodes in each of the preceding two years, or six or 
more in the preceding year. Therefore, those children had higher baseline frequencies than in my study 
and were only followed up for two years. The aforementioned Taiwanese study of 415 children found a 
statistically significant reduction in URTI outpatient visits among girls and boys aged ≤12 years following 
tonsillectomy. Again, these children experienced higher baseline URTI frequencies, and there was only 
two years’ follow-up.119 
I observed that the natural history among children of all ages who did not undergo tonsillectomy was a 
gradual increase in the number of ATI consultations. This is contrary to previous studies that have 
reported that the natural history of sore throat episodes is to decline over time.70 138 My study was 
based in a community setting and focused on a population of children with very low baseline infections 
who may have emerging natural history, whereas other studies selected children with higher baseline 
ATI from the outset. There may have been attenuation in ATI consultation frequency over an extended 
period, but I did not have the data available to investigate this.  
Therefore, this finding may be related to a study design artefact as opposed to an absolute finding. The 
TARGET study, which is a multi-centre prospective primary care cohort study examining children’s 
presentations for ATI and other RTIs is currently in progress.213 That study aims to highlight the natural 
history of acute RTIs, including ATI, and to establish the clinical (signs and symptoms) and 
microbiological (viral and bacterial pathogens) factors influencing the prognosis of children who present 
with RTIs in primary care. This may help towards clarifying if my findings were due to study design 
artefact or true findings. The investigators also plan to derive and validate clinical prediction rules to 
help target more prudent antibiotic prescribing for children with RTIs. 213 
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Overall, children aged 4-15 years, who underwent tonsillectomy compared with those who did not, 
experienced an 88% (adjusted OR: 0.12, 95% CI: 0.08-0.17) and 76% (adjusted OR: 0.24, 95% CI 0.14 to 
0.41), reduced risk of having ≥3 ATI consultations over 1-3 years’ and 4-6 years’ follow-up, respectively. 
Notably, the observed decline in ATI consultations might also partly be attributed to tonsillectomy 
operations reducing rhino-sinusitis or otitis media infections that were coded as URTI.214 215 216  
There was no evidence of an association between tonsillectomy and deprivation level. I only had 
practice level and not individual level deprivation data, which could partly account for the absence of a 
deprivation gradient; although, as previously mentioned, studies have shown practice level deprivation 
reflects patient level deprivation levels.  
Children in Study 4 who underwent tonsillectomy in 2001 had ≤3 ATI consultations documented in 
general practice during the three years prior to their operation. This is similar to Study 3, which found 
substantially fewer ATI consultations than the minimum threshold recommended by SIGN 1999 
guidance and Paradise criteria for the frequency of documented episodes prior to tonsillectomy.2 71  
The above findings and interpretations for primary and secondary care settings have important 
implications for children, their carers, clinicians and for policy makers. In the next section, I will discuss 
these different elements and present the findings of this thesis in context.  
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6.5 Implications for practice and policy 
My findings provide quantitative evidence which can inform clinicians and contribute towards the 
development of clinical guidelines, healthcare policy and guide healthcare delivery and commissioning 
services.  
Despite an overall decline in tonsillectomy rates among children, this thesis has uncovered a 58% 
increase in tonsillectomies performed among children aged <4 years over the study period of 10 years. 
This doubling in tonsillectomy rates is concerning among such young children because it is a major 
operation, and it is not entirely clear why this considerable increase has occurred. This trend needs to be 
monitored and investigated, though it is most likely to be related to an increase in the awareness and 
detection of SDB. The symptoms related to SDB may spontaneously resolve and thus negate the need 
for an operation and a general anaesthetic. Thus tonsillectomy may be unnecessary in some children. 
Although there are UK national guidelines for the management of recurrent ATI and the criteria for 
tonsillectomy as a treatment option, there are currently no such national UK guidelines for the 
diagnosis, management and surgical intervention for SDB in children. Development and implementation 
of such guidelines could help to risk-profile children whose symptoms are less likely to naturally resolve 
and who could therefore benefit from surgery. Hence, the operation could be restricted to children at 
the more severe end of the SDB spectrum whose symptoms are less likely to spontaneously attenuate 
over time. GPs and ENT surgeons should be aware of this substantial increase in tonsillectomy rates to 
encourage careful selection of children who are most likely to benefit from this intervention.  
Tonsillectomy rates decreased by 14% among children aged 4-15 years, which could be a consequence 
of dissemination of national guidelines and the Cochrane systematic review, both first published in 
1999.26 134 However, tonsillectomy rates may increase again among older children following the wider 
dissemination of ENTUK’s position statement on tonsillectomy indications, which suggested current 
tonsillectomy rates may be too low; hence rates need to be monitored prospectively.116 The reduction in 
tonsillectomy rates needs to be further encouraged and families also need to be educated about the 
guidance for performing tonsillectomy for throat infections and the advantages and disadvantages, so 
that they are well informed and do not unnecessarily actively seek the operation.  
Children who underwent tonsillectomy were almost twice as likely to live in the most deprived areas 
compared with the least deprived areas and this gradient persisted over the decade. The deprivation 
gradient for tonsillectomy slightly attenuated for children aged 4-15 years, although it widened for those 
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aged <4 years. Significant changes in the deprivation levels are likely to occur gradually and so need to 
be monitored over the longer-term. Ideally, private sector tonsillectomy data need to be included and 
analysed, which could help to depict the socio-demographic profile of children who undergo the 
operation more clearly. Potential health inequalities in relation to tonsillectomy should be highlighted to 
GPs and ENT surgeons so that they can reflect on their own referral and surgical practices. Furthermore, 
greater education is needed among more deprived families surrounding tonsillectomy and the 
indications for performing the operation.  
There has been a substantial increase in admission rates for ATI over the last decade, and the majority 
of admissions have been for very short hospital stays, which implies that a number of these children 
could have been managed in the community. These findings reflect a wider problem of very short-stay 
emergency admissions for common infections, many of which are deemed ‘primary care sensitive’, 
particularly among children aged <5 years.205  
Gill et al. presented a comprehensive range of possible explanations for the significant increase in short-
stay emergency admissions.205 Some of the reasons they posited were: an increase in the number of 
children being taken to primary care settings for assessment in conjunction with a decreased threshold 
among clinicians for referral to hospital; an increase in parents taking their children directly to A&E or 
being advised by NHS Direct to take their child directly to A&E; parents and carers of children are less 
willing to accept uncertainty around their child’s illness or they have concerns about looking after them 
at home; hospital clinicians’ inability to effectively triage children or accept risk; decreased exposure of 
general practitioners to triaging sick children during training; the 4 hour A&E waiting time target 
creating undue pressure to admit a child; and finally, the emergence of short-stay units for acute 
conditions leading to a decrease in the length of hospital stay.205 
Uncertainty surrounds the reasons behind this ATI trend; therefore, further exploration, including 
qualitative research involving parents, GPs and A&E clinicians is needed to uncover possible underlying 
reasons. ATI trends in A&E and other community settings also need to be investigated to disentangle 
care pathways and parents’ health-seeking behaviours (HSB), to potentially reverse this trend and 
modify HSB.  
Increased education and reassurance for parents about the self-limiting nature of most URTI, including 
ATI, and about symptom management at home, delivered by health professionals in the community, 
such as health visitors, and within GP surgeries, could help to curtail hospital admissions. A pragmatic 
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cluster RCT of 61 general practices in England and Wales successfully used an interactive health booklet 
on respiratory tract infections for parents to reduce both antibiotic prescribing rates and the intention 
to consult without compromising satisfaction with care.217 A qualitative evaluation, using semi-
structured interviews, of the acceptability of this intervention among clinicians and parents revealed 
that it was easy to use, and provided valuable information for parents, which gave them increased 
confidence in caring for their child.218 However, some clinicians reported some barriers to its use, 
including lack of time and familiarity with the booklet and the need to modify their management and 
style of consultation.218 Similar educational resources, specifically for ATI, could be expanded and 
adapted with wider dissemination. As mentioned in Chapter 1, the TARGET toolkit for ATI has been 
designed for use by primary care clinicians to evaluate antibiotic prescribing for ATI, applying NICE 
clinical guidelines for antibiotic prescribing for RTIs, the HPA or local infection management guidelines. 
The toolkit is intended as a key resource for clinicians and commissioners surrounding safe and more 
judicious antibiotic prescribing for this condition. GPs may also benefit from specific training in the 
management of ATI and relevant hospital referral criteria. NICE guidelines on feverish children could be 
adopted as part of this training surrounding the thresholds for referral.219 A clinical prediction rule could 
help GPs to risk-profile children with ATI to identify those who are more likely to benefit from 
symptomatic therapy, oral antibiotics, hospital admission or elective tonsillectomy. Furthermore, clinical 
decision scoring support systems, similar to the Centor criteria, which are recommended by SIGN 
guidelines, could be validated in children and better utilised in clinical practice to better risk-profile 
children.37 220 
My findings also have important implications for developing and commissioning healthcare services for 
children. Potentially, improved models of integrated care for children, such as those adopted in many 
western European countries, may help ease the situation.221 222 Integrated systems have been 
developed and importantly financially supported in Sweden and Holland. However, models of first-
contact care and the outcomes they deliver vary widely, and it is difficult to compare different models. 
Wolfe et al. suggest that flexible first-contact models, in which child health professionals work closely 
together, may offer an opportunity to provide relatively easily accessible clinical expertise. Thus, there 
may ultimately be a need to restructure acute paediatric care in the UK, particularly in emergency and 
out-of-hours settings and installing a new paradigm of healthcare delivery. 
ENTUK raised concerns that the decline in tonsillectomy rates led to an increase in tonsillitis admissions 
of increased severity and associated complications, such as PTA.6 However, Study 2 includes the first 
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large, population-based study of children which shows trends in ATI and tonsillectomy operations. I 
found that ATI and their associated complication rates do not appear to be associated with 
tonsillectomy rates and there is no evidence of an increase in the severity of ATI disease among children. 
This should offer some reassurance to GPs who are contemplating referring children with ATI for 
tonsillectomy and discourage them from referring children who have mild or moderate ATI disease 
severity.  
In this ecological study, it is not possible to infer causality for the dramatic increase in ATI admissions to 
any single explanation, and the potential reasons could be numerous. However, the most likely 
explanation is an increase in very short-stay admissions, secondary to changes in families’ HSB and 
clinicians admitting children with ATI due to increased pressures within A&E departments. My findings 
suggest that there is no association between trends in tonsillectomy rates and ATI and PTA admissions 
and that the threshold for undertaking tonsillectomy should not be lowered. There may still be a lower 
threshold of tonsillectomy rates beyond which point severe ATI increase, but it does not appear that this 
point has been reached yet. However, these recommendations come with the caveat that individual 
level longitudinal studies are still necessary in order to investigate a possible association in greater 
detail.  
The percentage of children who fulfilled the criteria of SIGN guidelines for the minimum number of 
documented (debilitating) ATI episodes was very low in 2007. This may represent sub-optimal 
documentation of sore throat episodes, poor dissemination of these guidelines in primary care or GPs 
actively choosing not to follow them. SIGN 2010 guidelines, which replaced SIGN 1999 guidelines, 
advocate the use of the Paradise criteria for frequency of ATI episodes prior to referral and undertaking 
tonsillectomy. However, as SIGN 2010 states, the Paradise criteria thresholds are somewhat “arbitrary” 
and can be difficult to recall and apply. Ideally, more pragmatic guidelines on the criteria for frequency 
of ATI should be developed and applied to ensure greater consistency among GPs and ENT surgeons.  
 ‘Sore throat sign or symptom’ consultations were recorded with similar frequencies to tonsillitis 
consultations in each age group within the GP records. There has been a drive by the Royal College of 
General Practitioners to improve diagnostic recording in general practice.223-225 The high proportion of 
non-specific sore throat and non-specific URTI diagnoses further highlights the need for improvement. 
The list of diagnostic codes for GPs to document ATI is extensive, despite only a few codes being used 
regularly. Identifying and validating the sore throat diagnostic codes which are most frequently utilised 
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in general practice and which are also the most clinically relevant and informative would enable many of 
the current sore throat diagnostic codes to be retired and to streamline the recording of diagnoses.  
Study 3 is among the first studies to investigate the documentation of ATI consultations prior to 
tonsillectomy in a general practice setting. The documentation appeared sub-optimal, although previous 
ATI consultations may have been embedded within the ‘free text’ of consultation records, which I did 
not have access to. Thus, access to ‘free text’ (narrative) could increase the detection and ascertainment 
levels of ATI consultations. Natural Language Processing, which is the ability of a computer software 
programme to understand the content recorded by a person is being developed. This could potentially 
yield more ATI consultations from the narrative entries, which are recorded without an ATI diagnostic 
code. Furthermore, future studies could examine individual general practice consultations in greater 
detail, as well as attendances in other community and hospital emergency settings. Tonsillectomy is a 
major operation with potential complications; therefore, it is fundamental to ensure that every child 
who undergoes this operation does so with good justification. In an era of increasingly evidence-based 
practice, external scrutiny and medico-legal considerations, it is particularly important that GPs carefully 
document preceding ATI consultation history, so that children who genuinely need the operation are 
those that receive it.  
Study 4 is among the first studies to investigate the impact of tonsillectomy on ATI consultation rates 
among children with mild ATI disease at baseline, over an extended follow-up time in a general practice 
setting. I found a statistically significant reduction in ATI consultation rates following tonsillectomy 
among children with a low baseline ATI consultation history compared with children who had no 
operation over 6 years’ follow-up. However, the clinical benefit was only modest and may be 
outweighed by the potential risks and costs related to tonsillectomy for this subgroup of children. My 
study suggests that tonsillectomy should not be routinely undertaken for children with mild ATI severity. 
Tonsillectomy may be beneficial in the short-term for those with more serious ATI morbidity at baseline, 
although its benefit in the longer-term is not evident. I did not have sufficient numbers of children in the 
comparison group with high baseline ATI consultations to be able to investigate the net clinical benefit 
of tonsillectomy over time. Therefore, the longer-term clinical effectiveness of tonsillectomy for this 
subgroup of children still needs to be evaluated.  
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6.6 Future research areas 
Private sector tonsillectomy data needs to be included in the analysis and, if a deprivation gradient still 
persists after its inclusion, qualitative research, such as semi-structured interviews and questionnaires, 
could help disentangle the reasons behind this gradient. Previous studies have suggested that there is 
not necessarily the same deprivation gradient for all paediatric operations and procedures. 104 105 
Croxford et al.’s Canadian study from 1996-2000 and Bisset et al.’s Scottish study (1990) found that, 
although tonsillectomy rates were significantly higher in children from more deprived areas, there was a 
reverse gradient found for grommet insertions.104 105 These findings are from 15-25 years ago; and this 
persistent deprivation gradient warrants further exploration. Furthermore, it also seems appropriate to 
study other paediatric operations to investigate if a deprivation gradient is present and to ascertain why 
these differential deprivation gradients might exist.  
A possible three-way relationship between SDB, deprivation and obesity, especially among young 
children, also requires further investigation. This is essential in view of rising SDB diagnoses and 
childhood obesity levels, as well as an increase in tonsillectomy rates among children from the most 
deprived areas, particularly in young children. A large prospective cohort study of children from birth, 
with all of the variables well-recorded (SDB diagnoses, body mass index and deprivation level) as well as 
other potential confounding factors, including age, sex, comorbid conditions and exposure to second-
hand smoke, may help to uncover and disentangle the potential relationship and the relative 
contribution of each of these three variables, whilst accounting for temporality. 
Although I found no obvious association between tonsillectomy rates and ATI and PTA admission rates 
using an ecological study design, individual level studies are now needed to delineate a potential 
association and, if so, to quantify it. Further research is also needed to elicit the wide spectrum of ATI 
presentations in primary and secondary care settings, including walk-in centres, out-of-hours settings 
and A&E. This is important for identifying educational needs for parents and healthcare professionals 
and also for healthcare commissioning services. 
Tonsillectomy rates declined overall but individual level studies are still needed to examine referral 
indications and thresholds for performing tonsillectomy to determine whether children, in all age 
groups, are being referred for this operation appropriately and whether tonsillectomy actually reduces 
the number of ATI consultations over subsequent years.6 187  CPRD now includes linkage with HES data; 
therefore, it may be possible to validate tonsillectomy diagnoses and potentially increase the yield of 
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cases, as operations are well recorded within the HES database. It also provides the opportunity to 
investigate the care pathway of children with recurrent ATI from the general practice setting to the 
operation itself, and then beyond within general practice. Additionally, other data sources, such as The 
Health Improvement Network (THIN), which is a database of anonymised medical records from general 
practices in the UK, could be used to validate these findings.  
My findings showed only a modest longer-term clinical benefit of tonsillectomy for children with low 
baseline ATI consultation rates. Although only one clinical outcome was explored, it suggests that 
tonsillectomy offers limited benefit for this subgroup of children. More robust studies using individual 
level longitudinal data with multiple outcomes and measurement points and longer-term follow-up of 
patients are required to further evaluate the impact. Ideally, more research is needed to ascertain which 
children are most likely to benefit from tonsillectomy, by risk-profiling children based on factors 
including age, sex, baseline ATI rates and co-morbidities. Updated cost-effectiveness models are also 
needed to explore the risk-benefit ratio and to evaluate the impact of tonsillectomy for recurrent throat 
infections over an extended period of time.  
  
 140 
 
6.7 Conclusions 
This thesis shows that there does not appear to be a relationship between tonsillectomy trends and 
those for hospital admissions for ATI or PTA or the severity of throat infection at a population level. Thus 
the findings seem to rebut some of the concerns expressed by ENTUK that there is an association 
between rates of tonsillectomy and serious ATI.  
The general practice-based studies suggest that many children who undergo tonsillectomy may not have 
robust documentation of prior ATI consultations. Furthermore, children with low baseline ATI 
consultations only experience modest clinical benefit from tonsillectomy in terms of reducing 
subsequent ATI consultations over 6 years’ follow-up. These studies highlight the importance of GPs 
needing to carefully document all ATI consultations and not refer children with mild severity ATI disease 
for tonsillectomy. 
The hospital-based studies show that tonsillectomy rates have declined among children aged 4-15 years 
over the last decade, which is likely to reflect national guidance and recommendations to curtail the 
number of tonsillectomies performed by restricting it to children with severe recurrent ATI disease. This 
finding reflects that practice among ENT surgeons surrounding performing tonsillectomy in children has 
changed over time. There also appears to be a deprivation gradient for this age group, whereby children 
undergoing the operation are more likely to be from the most deprived compared with the least 
deprived areas, although this gap may have narrowed over the last decade. This deprivation gradient 
needs further investigation to ascertain reasons and therefore to address these factors. Implementation 
of public health strategies for parents and clinicians, particularly GPs and ENT surgeons, are needed to 
ensure that tonsillectomy is being performed for children based on ATI disease severity, and not 
socioeconomic background. 
Finally, tonsillectomy rates among children aged <4 years have doubled over the last decade. The SDB 
diagnoses in this age group similarly doubled and the increase was particularly prominent among those 
from the most deprived areas. There appears to be an association between SDB and deprivation for 
tonsillectomy, particularly among young children. It is not clear why SDB diagnoses have doubled in the 
last decade, but it may be underpinned by an increase in awareness and detection of the SDB spectrum 
particularly in young children. However, this needs further exploration to help understand the 
underlying reasons in order to implement health service and public health strategies to potentially 
reverse this trend.   
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Chapter 8 Appendices 
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5
5 
Appendix 1: Key studies evaluating the impact of tonsillectomy included in this thesis  
Table adapted from Burton et al’s Cochrane Review1  
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
71Paradise 
1984 
 
 
RCT 
 
3 years’ follow-up 
 
Tonsillectomy or 
adenotonsillectomy 
or control 
 
 
91 children aged 3 to 
15 years meeting 
strict criteria for 
tonsillectomy 
 
≥7 throat infections 
in year prior to 
entry, or ≥5 in each 
of two years prior to 
entry, or ≥3 in each 
of three years prior 
to entry. 
 
Setting: Children’s 
Hospital of 
Pittsburgh, USA 
Primary: 
Episodes of throat 
infection  
 
Secondary: 
Sore throat associated 
school absences  
Patient-reported sore 
throat days 
Isolated cervical 
lymphadenopathy 
 
Year 1  
Any severity sore throat: 
Mean number of sore throat episodes: 
Surgical group: 1.2 (SD 1.62, N=38)  
Control group: 3.1 episodes (SD 2.64, N=35)  
Rate reduction 1.9 episodes (95% CI: -2.87 to -0.83) quoted by paper 
 
Moderate/severe sore throat: 
Mean number of moderate/severe sore throat episodes:  
Surgical group: with 0.1 (SD 0.27, N=38) 
Control group: 1.2 episodes (SD 1.42, N=35)  
Rate reduction 1.1 episodes (95% C 0.62-1.56) quoted by paper 
 
These findings suggest that the post-operative sore throat is not 
included. 
 
  
 
1
5
6 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
118Paradise 
2002i 
RCT 
 
3 years’ follow-up 
 
Tonsillectomy or 
adenotonsillectomy 
or control 
 
 
Children aged 3 to 15 
years moderately 
affected with 
recurrent throat 
infection 
 
Only included 
children with no 
indication for 
adenoidectomy and 
were randomly 
assigned to 
tonsillectomy(58), 
adenotonsillectomy 
(59) or control (60). 
3 arm trial 
 
Setting: Children’s 
hospital of 
Pittsburgh, USA 
Primary: 
 
Episodes of throat 
infection 
 
Secondary: 
 
Sore throat associated 
school absences  
Patient-reported sore 
throat days 
Isolated cervical 
lymphadenopathy 
 
 Year 1  
 
Any severity sore throat: 
 
Mean number of sore throat episodes: 
Tonsillectomy group: 2.0 episodes (95% CI: 1.58-2.40; SD 1.39, N=47) 
Adenotonsillectomy group: 1.9 episodes (95% CI: 1.51-2.34; SD=1.39, 
N=46) 
Combining data from tonsillectomy and adenotonsillectomy groups 
gives mean of 1.9 episodes (SD 1.39, N=93) 
 
Control group: 2.8 episodes (95% CI: 2.35 to 3.26; SD = 1.66, N=54) 
These findings suggest that the post-operative sore throat is not 
included. 
 
Moderate/severe sore throat: 
 
Mean number of sore throat episodes: 
Tonsillectomy group: 0.2 episodes (95% CI: 0.07 to 0.34; SD=0.46, N=47) 
Adenotonsillectomy group: 0.1 episodes (95% CI: 0.02 to 0.23; SD=0.35, 
N = 46) 
Control group: 0.2 episodes (95% CI: 0.13 to 0.41); (SD 0.51, N=54) 
 
These findings suggest that the post-operative sore throat is not 
included 
 
 
  
 
1
5
7 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
118Paradise 
2002ii 
RCT 
 
3 years’ follow-up 
 
Tonsillectomy or 
adenotonsillectomy 
or control 
 
 
 
 
 
Children aged 3 to 15 
years moderately 
affected with 
recurrent throat 
infection 
 
 
Included children 
with 1+ indications 
for adenoidectomy 
(obstructing 
adenoids or history 
of recurrent or 
persistent otitis 
media) assigned to 
adenotonsillectomy 
(73) or non-surgical 
intervention (78)2 
arm trial 
 
 
Setting: Children’s 
Hospital of 
Pittsburgh, USA 
 
 
 
Primary: 
 
Episodes of throat 
infection 
 
Secondary: 
 
Sore throat associated 
school absences  
Patient-reported sore 
throat days 
Isolated cervical 
lymphadenopathy 
Year 1  
 
Any severity sore throat: 
 
Mean number of sore throat episodes: 
Adenotonsillectomy group: 1.9 episodes (95% CI: 1.56 to 2.28; SD= 1.37, 
N=59) 
Control group: 3.6 episodes (95% CI: 3.16 to 4.08; SD 1.87, N=67) 
 
This assumes that the post-operative sore throat is not included 
 
Moderate/severe sore throat: 
 
Mean number of sore throat episodes: 
Adenotonsillectomy group: 0.2 episodes (95% CI: 0.07 to 0.29); (SD 
0.42, N=59) 
Control group: 0.4 episodes (95% CI: 0.29 to 0.62); (SD 0.67, N=67) 
 
These findings assume that the post-operative sore throat is not 
included 
  
 
1
5
8 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
127Van Staaji 
2004 
RCT 
 
Up to 2 years’ 
follow-up 
 
Adenotonsillectomy 
or watchful waiting 
 
 
 
Children aged 
between 2 and 8 
years with 
indications for 
adenotonsillectomy 
“according to 
current practice” in 
the Netherlands and 
who did not meet 
the strict Paradise 
1984 criteria for 
severity. Recurrent 
throat infections 
included those with 
≥3 episodes in a 
year. Those with 
recurrent URTI or 
obstructive problems 
were also included 
 
Adenotonsillectomy 
(151) or watchful 
waiting (149). 
 
Setting: 21 general 
hospitals and 3 
academic centres in 
Primary: 
 
Incidence of fever for 
at least 1 day 
 
Secondary: 
 
Throat infections 
Sore throat 
URTI 
Sore throat  
Absence from day-
care or school due to 
URTI 
Health related quality 
of life 
Sleep and eating 
patterns 
Height  
Weight 
Year 1  
 
Any severity sore throat: 
 
Number of sore throat episodes: 
Adenotonsillectomy group: 2.7 episodes; (SD= 1.76, N=111) 
Control group: 3.3 episodes; (SD= 2.42, N=107) 
 
Moderate/severe sore throat: 
 
Number of sore throat episodes: 
Adenotonsillectomy group: 0.7 episodes; (SD= 0.91, N=111) 
Control group: 0.9 episodes; (SD= 1.12, N=107) 
 
Both of these results include the post-operative sore throat episode 
immediately after surgery. 
 
Year 2 
 
Any severity sore throat: 
 
Rates of sore throat episodes per year at a median follow-up 22 
months: 
Adenotonsillectomy group: 2.25 episodes/year 
Control group: 2.85 episodes/year 
 
  
 
1
5
9 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
the Netherlands Statistically significant difference between groups: -0.60 episodes (95% 
CI: -0.90 to -0.30) 
 
Moderate/severe sore throat: 
 
Rates of sore throat episodes per year at a median follow-up 22 
months: 
Adenotonsillectomy group: 0.56 episodes/year; 1.12 episodes over 2 
years 
Control group: 0.77 episodes/year; 1.54 episodes over 2 years 
 
Statistically significant difference between groups: -0.21 episodes (95% 
CI: -0.36 to -0.06) 
90Lock  
2010 
Pragmatic RCT and 
parallel non-
randomised 
preference study 
 
2 years’ follow-up 
 
Children received 
tonsillectomy or 
adenotonsillectomy 
or medical 
management 
 
Children aged 4 to 15 
years with recurrent 
sore throats defined 
as ≥4 sore throat 
episodes in each of 
preceding 2 years OR 
≥ 6 sore throat 
episodes in last year. 
268 children entered 
the RCT 
 
 
Setting: 5 ENT 
departments in the 
Primary: 
 
Number of sore throat 
episodes 
 
Secondary: 
 
Number of sore throat 
related GP 
consultations, number 
of symptom free days, 
reported severity of 
sore throats, surgical 
and anaesthetic 
Year 1 
 
Mean number of GP sore throat consultations: 
Cohort (no surgery) = 1.63 (SD =1.98, N=49) 
Cohort (surgery) = 1.86 (SD =2.23, N=96) 
 
Trial (no surgery) = 2.35 (SD 2.35, N=93) 
Trial (surgery) = 1.90 (SD 2.84, N=92) 
 
 
 
 
 
  
 
1
6
0 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
north of England and 
West of Scotland, UK 
 
 
morbidity. Cost 
analysis and quality of 
life assessments 
Year 2 
 
Mean number of GP sore throat consultations: 
Cohort (no surgery) = 1.45 (SD = 2.07, N=49) 
Cohort (surgery) = 0.78 (SD = 1.31, N=96) 
 
Trial (no surgery) = 1.33 (SD = 1.56, N=93) 
Trial (surgery) = 0.89 (SD = 1.44, N=92) 
 
During year 1 and year 2, children randomised to tonsillectomy were 
less likely to record episodes of sore throat than those randomised to 
medical management. Incidence rate ratios in Years 1 and 2 were 0.70 
(95% CI: 0.61 to 0.80) and 0.54 (95% CI: 0.42 to 0.70), respectively.  
98Orvidas  
2006 
Retrospective cohort 
study  
 
4 years’ follow-up 
Children aged 4 to 
<16 years who 
experienced ≥3 
episodes of group A 
beta-haemolytic 
streptococcal 
pharyngitis at least 1 
month apart in 12 
months 
 
Tonsillectomy (145) 
and no tonsillectomy 
Development of a 
GABHS infection after 
index date for the 
matched pair 
Cumulative incidence 
of developing GABHS 
infection after the 
index date  
Year 1 
 
Cumulative incidence (%) of GABHS infection during follow-up: 
Tonsillectomy: 23.1% (95% CI: 15.9-29.7);(N=124) 
No tonsillectomy: 58.5% (95% CI: 49.6-65.9);(N=87) 
 
Year 4 
 
Cumulative incidence (%) of GABHS infection during follow-up: 
Tonsillectomy: 51.9% (95% CI: 42.4-59.8); (N=39) 
No tonsillectomy: 84.6% (95% CI: 76.7-89.8); (N=12) 
  
 
1
6
1 
First author 
and year of 
publication 
Study design Study population 
and setting 
Outcomes Key findings relating to sore throat episodes 
 
(145). 
 
Setting: children 
were residents of 
Olmstead County, 
Minnesota, USA and 
were retrospectively 
identified by clinical 
records 
 
 
Children who did not have a tonsillectomy were 3.1 times (95% CI: 1.9-
4.9; P<-0.001) more likely to develop a GABHS pharyngitis infection 
during follow-up than those who underwent tonsillectomy 
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